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The present number the second series concerned with 
the applications physics medicine, the first which was 
No. Vol. Advantage has been taken the advice 
many the contributors this number evolving its 
general plan and the range its subject-matter. addition, 
acknowledgment should made for benefit gained con- 
sultations with Prof. Mayneord, who contributed the 
introductory article the series (BMB 721), and Mr. 
Grimmett, B.Sc., forrery the Science Comm ssion, Con- 
ference Aled Minis ers Education, present atta: hed 
the Preparatory Commission the United Nations’ 
al, Scientitic and Cultural Organisation. 

The history medicine provides clear demonstration 
the impermanence therapeutic methods, and the probable 
future radiotherapy question upon which there can 
unanimity. However, often happens medicine, 
originally empirical method treatment has led the growth 
new field scientific study great intrinsic interest. 


Dr. member the scientific staff the Medical 
Research Council, London, and well known for his pioneer 
work radiobiology. deputy director the Strangeways 
Research Laboratory, Cambridge, where systematic research 
experimental radiology has been done since 1922, when the 
late Dr. Strangeways began his radiological investigations with 
tissue cultures. Dr. Spear member the National Radium 
Trust and the National Radium Commission. has published 
many papers the biological effects radiations and 1930 
received the Award the British Institute Radiology. 


Dr. Gray has been research student the Cavendish 
Laboratory under Lord Rutherford (1927-33) and Fellow 
Trinity College, Cambridge (1930-34), when studied the 
radiation resulting from the annihilation positron-electron 
pairs, and the absolute measurement gamma-ray energy 
ionization methods. 1933 was appointed physicist 
the Mount Vernon Hospital, and commenced research relation 
the radiotherapy cancer. His earlier published work was 
concerned with establishing the fundamentals the measure- 
ment and gamma-ray energy, and particularly relation 
the absorption energy living cells. 1936, collabora- 
tion with Dr. Read and under the auspices the British 
Empire Cancer Campaign, constructed the Mount Vernon 
Hospital the first neutron generator built Britain 
specifically for biological studies. His numerous papers (many 
which were published jointly with other workers) deal with 
the measurement neutron energy absorbed living cells 
comparative studies the effects gamma rays, rays, 
and other ionizing radiations enzymes, colloids, 
chick-embryo fibroblasts, tadpoles, root-tips, and both normal 
and malignant tissue mice and the bearing these experi- 
ments the use rays and neutrons the treatment 
cancer. From 1934 1939 was Prophit Scholar the Royal 
College Surgeons. Dr. Gray present senior physicist 
the Mount Vernon Hospital, where charge radio- 
biological research, and honorary secretary the British 
Institute Radiology. 1938 received the 
Award the Institute. 


University and staff Fellow Trinity College. the Botany 
School mainly concerned with the teaching genetics and 
cytology. His earlier published work dealt with the cytogenetics 
the plant Oenothera. More recently most his attention 
has been devoted the study the genetical and cytological 
effects rays and other radiations, especially with view 
discovering the mechanism this action. 


Dr. Lea formerly worked nuclear physics the 
Cavendish Laboratory, Cambridge. recent years has been 
studying various biological actions radiations the Strange- 
ways Laboratory, and also collaboration with number 
Cambridge workers. These researches have been directed 
the elucidation the detailed mechanism genetical and 
cytogenetical effects radiation, the inactivation viruses, 
and the killing bacteria. Dr. Lea has written book— 
Actions radiations living cells (Cambridge University Press, 
summarizes the present state research 
these subjects. 


Dr. GLUCKSMANN member the staff the Strangeways 
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Research Laboratory, Cambridge, where has been histologis 
the radiological section since 1933. has worked the 
histogenesis normal and malignant tissues, and has studied 
quantitative histological methods the effects variety 
tissues mechanical stresses, the action various chemicals, 
and penetrating radiations. received the 
Award the British Institute Radiology. 

the physics department Mount Vernon Hospital and the 
Radium Institute, Northwood, Middlesex. graduate 
Cambridge University and worked under Lord Rutherford 
the Cavendish Laboratory the beta-ray type radioactive 
disintegration. joined the staff Mount Vernon Hospital 
and The Radium Institute 1938, where has given special 
attention the practical side the measurement rays 
and the radiations from radium. has also made use 
mathematical methods analyzing clinical problems the 
distribution and gamma radiation and has thereby designed 
radically new type radium applicator for the treatment 
carcinoma the cervix uteri. 

Dr. was medical director the Sheffield Radium 
Centre from September, 1930, until May, 1943, when became 
director the department radiotherapy the London 
Hospital. was the first radiotherapist install Metropolitan- 
Vickers’ continuously-evacuated x-ray equipment, which did 
1932. advocates considerable measure standardization 
apparatus, and believes that, treating malignant diseases, 
the highest dose compatible with complete recovery the 
normal tissues the optimum, and that timing and fractionatiod 
nshould chosen accordingly. maintains that dosage shoul 
uniform possible throughout the volume treated, and 
has applied wedge filters for this purpose and conserve 
normal tissue. has made considerable use the methods 
aspiration biopsy and later biopsy for obtaining histo- 
logical material. believes that the radiotherapist must 
primarily clinician with physiological and physical imagina- 
tion. His published work includes papers tolerance-dosage 
radiotherapy with 200 rays; radiotherapy the 
treatment thyrotoxicosis radiotherapy malignant disease 
the ovary and the radiosensitivity malignant melanomata. 
Dr. READ physicist the radiotherapy department the 
London Hospital. Earlier collaborated with Dr. Gray 
the Mount Vernon Hospital study the biological effects 
different ionizing radiations, including neutrons and alpha 
particles, and the measurement dose these radiations 
comparable units. joint author papers Effects 
ionizing radiations the broad bean root,” parts I-VI (Brit. 
Radiol. 1942-44) The treatment cancer fast 
(Nature, 1943, 152, 53); Measurement neutron dose 
biological experiments (Nature, 1939, 144, 439). Dr. Read 
member the council the British Institute Radiology, 
and the executive committee the Hospital Physicists’ 
Association. 


Russ physicist the Middlesex Hospital and 
professor physics the University London. has studied 
many aspects the reactions the living cellto rays andradium, 
and has participated the development modern x-ray and 
radium therapy. was for six years scientific secretary the 
National Radium Commission. 

Mr. physicist and engineer the Mozelle Sassoon 
high-voltage x-ray department St. Bartholomew’s Hospital. 
Prior this appointment was engineer charge the 
development and installation high-voltage continuously- 
evacuated tubes and rectifiers Messrs. Metropolitan-Vickers 
Electrical Co., Ltd., Manchester, supervising also initial opera- 
tions these equipments many radiotherapy departments. 
has published number papers continuously-evacuated 
tubes and rectifiers conjunction with his colleagues and 
technical co-author the recent publication Phillips, 
Supervoltage x-ray therapy (London, 1945). 

Mr. senior scientific officer the National 
Physical Laboratory, Teddington. also member the 
National Radium Commission and the British X-ray and 
Radium Protection Committee. His published work includes 
papers dealing with dosimetry and absorption rays and 
radium gamma rays, and with the protection x-ray and radium 
workers. 
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Introduction 


While Planck was putting forward his theory energy 
quanta, Becquerel, accident, and Curie and Aschkinass, 
design, made experiments upon themselves and, with 
others, demonstrated the destructive action radium and 
rays living tissues. consequence, the biological 
effects penetrating radiations became widely studied, 
part satisfy natural curiosity, but also determine how 
the rays might usefully employed medicine. The 
fiftieth anniversary the discovery (in November 1895) 
rays seems fitting time review the trends and some 
the achievements this now vast field experimental 
radiobiology, which was born soon after 
momentous announcement. 

For roughly years biological observations were mainly 
qualitative and were concerned with the changes seen 
great variety biological material, after exposure 
arbitrarily chosen and crudely measured doses radiation. 
this seemingly haphazard method, however, many facts 
fundamental importance were learnt. For example, the 
selective action radiation was recognized the discovery 
that the cells some tissues were more affected given 
dose radiation than. the cells other tissues exposed 
the same dose under identical conditions. was also found 
that the same dose produced different result according 
whether was given high intensity for short time 
low intensity for longer time. was noted that 
proliferating tissues showed more marked reaction 
radiation than those without dividing cells and that latent 
period, which varied for different types response, elapsed 
between exposure and the appearance radiation-effects. 

From about 1920 biological response was, the laboratory 
least, much more frequently measured quantitatively, 
though all tissues were not equally convenient for experiments 
this kind. Some observers chose what was already familiar 
them, and others what was most conveniently available. 
Meanwhile, work the physical measurement dose made 
progress, culminating the international unit measure- 
ment for rays, now applicable gamma radiation well. 

Experimental radiobiology has thus grown science 
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which physical dose and biological response can 
measured with reasonable accuracy. Its development has 
been greatly influenced its relation medicine and, while 
attempts are sometimes made distinguish those investiga- 
tions which have obvious application medical practice 
applied radiology from those which have not pure 
opinion would often divided which 
category any -particular investigation should assigned. 
least one major effort has been made review the 
literature not immediately concerned with practical radio- 
(Duggar, 1936). The vast mass literature which 
has accumulated the other side has been the subject 
many reviews (Warren, 1928; 1943; Desjardins, 1930; 
1931 Scott, 1937; Ellinger, 1941 Packard, 1945). 
The purpose this paper will, however, best served 
ignoring this somewhat arbitrary division and giving brief 
summary each the main branches into which the subject 
has, through circumstance convenience, become divided. 


Background Theory 


The most conspicuous advances experimental radio- 
biology have been made when physicist and biologist have 
worked harmonious collaboration, achievement which 
practice too seldom realized. This mainly due, 
perhaps, difference training and outlook which needs 
remedied re-education both sides (Mayneord, 
1945). 

The effects produced radiations their passage through 
living matter may studied two ways. The investigation 
may concerned with the mechanism the action 
radiation means specially designed experiments 
selected materials, usually the simplest kind. This often 
programme research which much detailed information 
gradually collected for particular material, but does 
not necessarily follow that what observed for one tissue 
applies other kinds tissue after similar doses irradia- 
tion. The other, short-term method, involves study not 
the exact mechanism the biological action radiations, 
but their histological effects under given physical con- 
ditions. Much this work forms the background medical 
radiotherapy, and its results are less fundamental than 
those obtained the other they are sometimes 
great practical use. 

was natural, perhaps, that the physicist should attracted 
problems concerned with the mechanism action 
radiation living cells, while the biologists, the main, 
devoted their energies recording changes behaviour 
irradiated tissues under variety experimental conditions. 
This division labour has, however, had unfortunate 
tendency sharpen the difference between the physical and 
biological approach radiological problems. The result has 
been the elaboration theories action radiation with, 
best, only limited scope, which have generated great 
deal controversy, not always the advancement the 
science. Theories action start from the law Grotthus and 
Draper that only absorbed radiation effective. The physical 
unit for absorption the atom. The biological unit the cell, 
made some molecules active motion, within 
which effective radiation energy must absorbed. Absorption 
rays matter produces secondary electrons, and was 
suggested Dessauer (1932) that these electronic energies 
are non-specifically degraded colliding with protein 
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molecules, and that the energy transformed into the basic 
process heat isolated points. 

According Holthusen (Holthusen, 1924; Holthusen 
Zweifel, 1932), the other hand, the energy required for 
the radiation effects originates from the state excitation 
(Bohr) protein molecules, following the absorption 
quanta radiation, making the molecules capable new 
reactions. For example, increase intracellular osmotic 
pressure may result from the formation substances with 
smaller molecular weights than the original substance. the 
surrounding fluids are not changed the same extent, this 
would cause swelling cells. increase cell size after 
irradiation known occur certain instances (Robertson, 
1932 1935 Lea, Haines Coulson, 1937 Woodard, 1938), 
but means common all cells affected radiation. 
suggestion that radiation caused re-arrangement colloid 
charges (Clark, 1938), which was first regarded 
alternative mechanism action, can now fitted into 
Holthusen’s photochemical theory regarding the change 
charge photochemical process. 

lonization rather than excitation became generally regarded 
the link between energy absorption and biological response, 
and hypothesis which has attracted great deal attention 
was put forward (Crowther, 1926; Curie, 1929 Holweck, 
1929; Lacassagne, 1929; Glocker, 1932), according 
which there exists the cell specially sensitive volume 
within which ionizations are biologically effective, and these 
account for the changes subsequently observed. More than 
one ionization may required produce biological effect, 
but any ionization which occurs within the cell but outside 
the sensitive volume ineffective. This view the mode 
action radiation has come known the target 
quantum hit theory, and among its supporters are many 
physicists. Differences sensitivity radiation are explained 
the chance distribution ionizations the vital volume 
the cell. Those who oppose the idea have, perhaps, less 
well-defined views radiation action, and are united mainly 
their opposition the theory. alternative hypo- 
thesis they suggest that chemical metabolic change 
produced the cell irradiation, and they argue that the 
biological results physical well chemical agents can 
explained the assumption that individual cells differ 
their reactions the changes produced: the weakest 
succumb first, then the less weak, and the strongest last all. 
great deal time and effort has been spent attempts 
prove and disprove one other theory, and most lively 
controversies have taken place between the contending 
parties (Scott, idea compromise has come 
late, but the results least one investigation (Worning, 
1937) were shown the author equally well-explained 
either the quantum-hit theory that variation 
individual sensitivity. 

That the target theory holds for particular cases now seems 
indisputable. true certain instances where the criterion 
from which there recovery (Lea, Haines Coulson, 
1936; 1937). But cannot made fit all types 
biological response radiation, since definition makes 
allowance for adaptability living organisms changes 
environment, including those brought about radiation. 
The cell not inert until dead, and long alive 
capable change behaviour, and with that change 
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alteration its susceptibility radiation, which cannot 
predicted. The types response must learned from 
observation under different biological conditions. For 
example, the same cell differs its susceptibility radiation, 
among other things, according its state dryness, its 
metabolic activity, its stage growth, and its age (Petry, 
1922; 1927; Henshaw, 1932; Scott, 1934; 
Failla, 1941). There danger attempting too much 
simplification physical explanations when dealing with such 
complex biological material. 


Physical Dose and Biological Response 


The need for quantitative measure for radiations was 
apparent soon their biological effects had been recog- 
nized, and one equally suited experimental and clinical use 
was desirable. The question biological physical 
basis for radiation dosimetry has been debated for many 
years. early 1918 was suggested Russ (1918) that 
the amount radiation necessary kill mouse cancer cells 
might used standard for which suggested the name 
Since then, many similar methods dosage have 
been devised and will considered under the heading 
Biological Indicators. 

The most practical and useful method dosimetry, 
however, that based upon the ionization produced air 
radiation, originally suggested 1908, and now developed 
into the international (r) and gamma-ray 
measurement (British Journal Radiology, 1927). Much 
research has been done discover under what conditions the 
ionization air may taken measure the dose 
living tissues (Mayneord, 1940; Wilson, 1945). 

Assuming that ionization the tissue responsible for 
the biological changes produced, the should 
useful unit for linking physical dose with biological response, 
since accurate measure any well-recognized biological 
response terms the would enable the experi- 
mental conditions repeated anywhere any competent 
person. The first and most obvious biological response 
recognized was the erythema produced human skin, 
and since the tolerance the skin radiation limiting 
factor many radiotherapeutic procedures, the determination 
the skin erythema dose (SED) has been the 
subject much careful investigation (Quimby, 1941 1942). 
The difficulties such apparently simple procedure are, 
however, considerable. The dose received the skin 
due not only the incident radiation, but also scattered 
radiation which may constitute half the total dose, and which 
varies with the quality radiation, the size’ the irradiated 
area, and the particular part the body (depending the 
relative amount bone, muscle and fluid) being irradiated 
(Reisner, Wintz, 1933; Thoraeus, 1935; Hudson, 
1937 Exner Packard, 1945). the biological side, the 
accuracy the determination vitiated, partly owing 
individual variation the response irradiation, and partly 
difference opinion various observers what 
constitutes the proper erythema reaction. Taking the results 
obtained from the majority observations made, 
possible compile tables the approximate value the 
SED for different quality radiations falling field given 
area (Reisner, Wintz, 1933) volume given size 
(Quimby, 1935). any one series observations made 
under constant conditions the same observer the doses 
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are likely comparable with each other, but where 
different series experiments are considered comparison 
doses must made with caution. 

The ation the SED for different quality radia- 
tions has shcwn rise the skin tolerance the wavelength 
the radiation shortens. Large doses highly penetrating 
radiations can now given deep-seated tumour with 
comparative safety the skin. But with this decrease 
absorption radiation the skin, there increase the 


These considerations illustrate some the complexities 
the irradiation problem where organized body-tissues are 
concerned. Great technical advances have been made 
the physical side delivering given dose selected 
volume tissue, but stage has been reached when 
easier deliver given dose radiation than know 
precisely what biological changes that irradiation produces 
the tissue irradiated. time now for corresponding 
advances the biological side. 


TABLE ILLUSTRATING BIOLOGICAL RESPONSE VARIETY RADIATION DOSES 


No. Dose Biological Response 


0-5- 


limit exposure per day (5-day week) 
Threshold for mitotic effect grasshopper 


gastro-intestinal tract (see No. 


limit exposure for radiographers, etc., per sec. 


Reference 
British Ray and Radium Protection Committee (1943) 


0-175 Dose received per day attendants using 4-gram radium unit Cade 
limit exposure per day (7-hour day) 
fluorescent screen during examination patient 


British Ray and Radium Protection Committee (1943) 
Lemmel 


Palpating hand operator using fluorescent screen every min. Lemmel (1938) 


British Ray and Radium Protection Committee (1943) 
Carlson (1942) 


Received diagnostician making complete radiographic study Jaderholm (1935) 


either gamete produces developmental abnormalities 
individuals (frog) (see No. 18) 

Threshold for mitotic effect chick fibroblasts (cf. No. 

Alteration ultra-violet absorption cell-cytoplasm 

30% inactivation enzyme dilute solution (cf. No. 28) 

Tube-side fluorescent screen during examination patient 


Henshaw (1943) 


Spear Grimmett (1933) 
Mitchell (verbal communication) 
Dale (1943b) 

Lemmel (1938) 


(see No. 
Temporary sterilization ovary women 
Cessation ovulation 
Increases sex-linked lethal mutation 


Wintz (1930) 
Martius (1931) 


Drosophila Sturtevant Beadle (1939) 


(maximum yield 15% with 5,150 above which dose sperm 


degenerates) 


Initial injury ovarian follicles and germinal epithelium Karrasch (1940) 


domestic fowl 


500 Developmental abnormalities nearly frog (see No. Henshaw (1943) 


800 Follicular disintegration domestic fowl 
1,000 Mean lethal dose for Ascaris eggs 
1,039 Average skin-erythema dose for gamma rays 
1,200 Total destruction male gonads domestic fowl 


Total destruction female gonads domestic fow! 


Essenburg Karrasch (1940) 

Holthusen (1929) 

Quimby (1941) 

Essenburg Karrasch (1940) 

Essenburg Karrasch (1940) (cf. 19, 23) 


7,000 Prevents when inoculating benzpyrene-induced Doljanski Tenenbaum (1941) 


rat 
9,000-20,000 Inhibits regeneration worm-segments 
30,000 Delays cleavage sea-urchin egg 
40,009 Causes complete inactivation frog-sperm 


Stone (1932) Van Cleave (1934) 
Henshaw (1940) 
Henshaw (1943) 


100,000 30% inactivation enzyme concentrated solution 345 that Dale (1943b) 


No. 12) 
117,000 Immediate death chick-fibroblast cultures 
200,090 Mean lethal dose mesentericus spores 
330,000 Mean lethal dose Colpidium colpoda 
Inactivation plant viruses 


energy absorbed the deeper parts the body, and this, 
turn, indirectly affects the treated area the production 
adverse constitutional disturbances. This question 
body-dose was raised 1938, when the constitutional effects 
teleradium therapy were under consideration the Radium 
Beam Therapy Research, London (Wood Grimmett, 1938). 
has been systematically developed Mayneord series 
publications. For measuring this radiation suggests 
defined the energy absorbed gram tissue irradiated 
with one (Mayneord, 1940). 


Spear (1930) 

Lea, Haines Bretscher (1941) 
Crowther (1926 1938) 

Lea Smith (1942) 


Radiochemistry 

studying the effects radiation biological material 
useful information may obtained from experiments 
non-living matter. recent survey Allsopp (1944) the 
chemical action radiations has shown how developments 
the field radiochemistry can related the study 
the biological effects radiation. Until quite recently, 
enormous doses radiation were required produce 
measurable chemical changes vitro, and was suggested 
that chemical processes could not involved therapeutic 
radiation any rate, since recognizable changes could 
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obtained only with doses far above the maximum human 
tolerance dose (Scott, 1937). 

Recent work Dale (1942, 1943a, 1943b), however, has 
shown the fallacy the conclusion. Dale arranged his 
experimental procedure that the chemical changes produced 
irradiating purified enzymes aqueous solution were 
magnified many times the accompanying changes 
biological activity. Dale’s results show quite clearly that 
constant amount solute inactivated for given amount 
radiation-energy absorbed the whole solution, irre- 
spective the concentration the solution. The simplest 
explanation these results that the initial process consists 
radiation, followed the transfer energy the solute 
inelastic collision, without the term being 
precisely defined (Risse, Fricke, 1934). 

may recalled here, however, that the initiation 
radiochemical reactions gaseous systems, excitation 
molecules apparently more important than ionization, 
since radiochemical reactions the gas phase general 
follow the same course the corresponding photochemical 
reactions (Eyring, Hirschfelder Taylor, 
felder Taylor, Smith Essex, 1938). There 
reason suppose that radiochemical reactions aqueous 
solutions are not similarly initiated energy-carrying 
solvent molecules (Allsopp, 1944). The experimental evidence 
consistent with the hypothesis that the energy-carrier 
free hydroxyl radical (Weiss, 1944). 

Since the number solute-molecules decomposed 
given radiation-dose depends the concentration 
activated solvent produced (not the concentration the 
solute} and will therefore relatively small, the concentra- 
tions solute employed must the smallest consistent 
with chemical analysis, order that changes them may 
relatively large. was the widespread failure recognize 
this which led the supposition that significant chemical 
changes could not produced vitro doses within the 
therapeutic range. For the simplest case, i.e., only one 
substance solution, the activation theory world seem 
reasonable interpretation observed facts. 

Dale has recently described some striking experiments 
which apparent loss radiosensitivity occurs when 
enzymes are irradiated the presence various protein- 
and other substrates which share the available energy between 
them and thus screen the original solute (Dale, Meredith 
Tweedie, 1943). This work the protection one 
solute another valuable contribution the inter- 
pretation the chemical effects radiation vivo. the 
indirect-action theory applicable under these conditions, 
then new light may thrown the mechanism action 
radiations. From the point view solute, e.g., 
enzyme, its inactivation energy-carriers derived from 
molecules aqueous solvent could regarded the target 
theory reverse! The possibility this mechanism 
operating vivo, only under certain conditions dilution, 
further caution against making any generalization 
prematurely. 

Whether activated also connected with such 
physico-chemical effects the precipitation positively 
charged colloids, viscosity changes, and change electro- 
kinetic potentials remains seen (Crowther, Liebmann 
Mills, 1936). seems more likely that the physico-chemical 
effects are produced simple ions (Allsopp, 1944). 
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Biological Indicators 

From time time investigators have sought for simpler 
biological material with more definite and convenient 
reaction than the skin erythema serve biological 
dose-unit. When the irradiated tissue very small, such 
the egg insect, and suspended air that scattered 
radiation reaching minimum, the absorption 
energy uniform throughout the object irradiated and 
directly proportional the intensity the radiation beam. 
For example, large number Drosophila eggs exposed 
x-ray beam unknown intensity for minutes and 
if, result, half the individuals fail hatch, then 180 
units have been delivered the rate r/min. 
(Packard, 1931). The constancy with which such quantitative 
experiments yield the same result perhaps one the most 
striking features this type investigation. With 
Drosophila eggs the error not more than (Packard, 
1937), and this order accuracy obtained with 
other types biological material under laboratory conditions. 

great variety organisms has now 
biological indicators radiation-action many observers, 
and each material has its advantages and its limitations. 
The most important consideration that the experimenter 
shall familiar with the material chosen for experiment, and 
able distinguish with certainty the changes produced 
radiation and those unconnected with it. 

These indicators are particular use where the biological 
effects two different types radiation, with physical 
unit measurement common, are being compared; for 
example, comparison the biological effects rays and 
neutrons (Gray, Mottram, Read Spear, 1940; Spear, 
1944). the biological response can matched, then 
useful comparison the physical conditions irradiation 
obtained. Biological indicators are also useful establish 
the relationship between injury produced radiation and 
other types injury, e.g., determine whether the effects 
two agents are additive, equal, unrelated, whether one 
capable potentiating the other (Scott, 1933). The indica- 
tors should small size, easily available large numbers 
all times, they must show only small and definite amount 


normal variation, and the reaction radiation must 


sharp and easily measured (Holthusen Braun, 1933). Some 
investigations may simplified using response which 
independent the time factor. Since radiosensitivity 
varies enormously with stage development, essential 
that the greatest care taken ensure constancy age 
and temperature the biological indicator selected 
(Scott, 1937). 

Among the materials used this way, the following may 
mentioned, though not all conform 
specification for the ideal Eggs sea-urchin, 
Ascaris, Drosophila, silkworm, grasshopper, frog and 
axolotl, viruses, bacteria, yeast, pollen grains, protozoa, 
vegeiable root-tips and tissue cultures (Packard, 1927; 
1935 Henshaw Francis, Packard Exner, 1945). 
Germ-cells and somatic cells higher animals, blood-cells, 
skin, and even whole animals have also served indicators 
special cases (Eker, 1937). 

Such material has been used for demonstrating the wide 
difference sensitivity which exists among biological objects. 
This illustrated, for the lethal effect, Table taken from 
data given Packard (1936b) and Crowther (1938). The 
reason for these great differences quite unknown. 
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TABLE DOSE RONTGENS NECESSARY 
KILL 50% THE SAMPLES 
ISMS IRRADIATED REDUCE THEIR 
GROWTH HALF THAT CONTROLS 


Organism 
Eggs Calliphora 
Drosophila 
Ascaris 
Larva Drosophila 
Bact. coli 
Mesotaenium 
Saccharomyces 
Imago Drosophila 
mesentericus 
Colpidium colpoda 


TABLE CHANGE BIOLOGICAL RESPONSE 
AVIAN FIBROBLASTS GROWN VITRO AND 
EXPOSED INCREASING DOSES RADIATION 


Ray Intensity Duration | Dose in 
in hours r 


cultures 
108,000 Death within days all 
58,600 Death within days all 
cultures 
54,000 Death within days all 
cultures 
48,000 Death within days all 
cultures 
29,000 Death within days all 
cultures 
22,000 Death within days all 
cultures 
14,600 Death within days some 
cultures recovered 
18,000 Death within days some 
cultures recovered 
10,000 75% degeneration peak 
hours 
5,000 60% degeneration peak 
hours 
2,500 50% degeneration peak 
hours 
count rising 
500 degeneration hours, 
count rising 
count rising 
degeneration, ultimate 
recovery 


[The x-ray data are taken from Lasnitzki (1943)] 


Biological indicators have also been extensivly used 
studies the effect wavelength biological response, 
genetics (see below), and testing the validity various 
theories action radiation and the significance altera- 
tions the physical conditions irradiation. 

The results, though usually consistent for given material, 
are often variance when the response one material 
compared with that another. Each result has 
considered itself. The contrast most marked when the 
results irradiating independent biological units, such 
bacteria insect-eggs, are compared with those 
organized colony cells which make 
This hardly surprising, since the one case radiation acts 


single units without any biological spread effect 
adjacent units, and the other acts upon cells capable 
being further influenced changes brought about 
adjacent cells. However nearly the radiosensitivity 
the indicator approaches that the body-cells (one 
Holthusen’s stipulations for the ideal test object) unlikely 
give the same information would obtained from 
direct observations the body-cell. This the limitation 
which restricts the usefulness most the indicators listed 
above. Tissue cultures constitute special case, since the 
technique enables samples taken from the body (before 
after radiation), and observations experiments 
made under the relatively simple conditions growth 
vitro for direct comparison with changes seen similar 
tissue vivo after similar irradiation treatment (Spear, 1935). 
intermediate step thus provided between the simplicity 
which the essence laboratory experiment, and the 
complexity irradiation organized tissues vivo, which 
very useful guide comparative investigations. 


Genetic Effects Radiation 


The demonstration Muller (1927, 1928) and shortly 
after Stadler (1928) that rays could produce gene- 
mutations Drosophila and barley 
throughout the world take the keenest interest this 
property radiation; rays immediately became 
most important tool for producing mutations. extensive 
literature bears witness the enthusiasm aroused this 
discovery, which has opened new and 
research (Cold Spring Harbor Symposia, 1941; Fano 
Demerec, 1944; 1945; Lea, 1946). The 
sterilizing effects rays were discovered nearly generation 
earlier 1903), and much fundamental work 
the results irradiating genetical material was completed 
before any observations mutation-production radiation 
diverted attention this direction. These early observations 
were somewhat restricted, and rarely extended the offspring 
irradiated organisms. The effects radiation were judged 
abnormalities development after irradiating sperm 
ova, alterations the chromosome-configuration 
dividing cells. was later found that radiation may cause 
abnormal distribution hereditary material without 
change its composition. Then, cytological technique 
advanced, was realized that the alterations the chromo- 
somes themselves were least two kinds: (i) changes 
the linear arrangement the chromosome threads, resulting 
from single double breakage and recombination new 
alignments, with without loss chromosome fragments 
and (ii) changes the composition the unit hereditary 
particles genes, without disturbance their position 
the chromosome thread (gene-mutation). 

Chromosome abnormality offers very convenient method 
for making quantitative measure radiation effect. The 
scoring abnormalities tedious, but can made with 
fair accuracy. Some breaks the chromosome thread 
rejoin immediately, but for the rest, the injury, once made, 
permanent, that the result not complicated gradual 
recovery processes. great variety structural change 
seen after suitable radiation dosage, and this may classified 
according whether one more chromosome has been 
involved and how the broken ends have reconnected (Lea 
Catcheside, 1942 1945a). The material almost ideal 


Dose in r 

We 
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statistical purposes, because the chromosomes act targets 
which mark the hits breaks continuity the thread 
which can seen and counted. The tangle which the 
broken threads some cases become involved may cause 
the breaking the cell, the production non-viable 
daughter-cells owing the unequal distribution the 
hereditary material. this respect chromosome abnor- 
malities are more detrimental than gene-mutations (which 
may not exert their effects for several generations) since they 
cause marked infertility the first-generation offspring. 


Structural changes chromosomes are most easily 
investigated insects and plant-cells which have small 
number chromosomes large size, and they are most 
easily recognized the meta- and anaphase division, 
whatever point the life-cycle the cell the irradiation 
given. The practice scoring abnormal anaphases 
measure radiation effect (Marshak, 1937; Marshak 
Hudson, 1937) has the limitation, however, that cells 
irradiated pre- early mitotic stages may break down 
altogether late prophase early metaphase. Such cells 
are therefore missed the anaphase count. 

The total number breaks produced proportional 
the dose and independent intensity but neutrons are 
more efficient producing breaks than are rays (Lea 
Catcheside, Thoday, 1942; Giles, 1943). These 
observations can explained the hypothesis that 
chromosome broken the passage through single 
ionizing particle, but that necessary for the ionizing 
particle sufficiently densely ionizing for several 
ionizations produced within (or very near) the chromo- 
some. proton (from neutron irradiation) sufficient 
only the fast electron track gives sufficient 
number ionizations the given volume. 
hypothesis, rays long wavelength should more 
effective than those short wavelength, and this has been 
found the case with optimum (Catcheside 
Lea, 1943). Longer-wavelength rays produce too short 
electron track span chromosome, and their 
efficiency diminished. 

Changes the composition hereditary particles which 
lead gene-mutations occur germ cells all types, but 
have been studied most extensively the case the fruit-fly, 
Drosophila (Muller, 1930 Lea Catcheside, 1945a 1945b 
mutation-rate about 12%. This about one hundred 
times the natural mutation-rate, but qualitatively indis- 
tinguishable from spontaneously-occurring mutations. The 
yield radiation-produced mutations proportional 
dose, independent intensity, and diminishes for equal 
doses different radiations the rays, neutrons, 
alpha rays. considered that mutation Drosophila 
the result single ionization. 

All cells are not equally susceptible the mutational effects 
radiation, and other factors, e.g. temperature, anaesthesia, 
state nutrition, and degree germination, affect the 
mutation-rate (Hanson Heys, 1931). Most gene-mutations 
are recessive, i.e., able produce their characteristic effect 
only when paired with another mutated gene the same kind. 
Only minority produce any conspicuous morphological 
abnormality. Occasionally change the gene occurs 
which initiates new developmental processes (Muller, 1932). 
mutation caused one irradiation may reversed 
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subsequent exposure (Timoféeff-Ressovsky, 1932). This 
exceptional, however, and nearly every case the mutation- 
effect exactly proportional the amount energy 
received, and exactly cumulative over 
period even successive generations. unknown what 
extent these observations are applicable man. 

Thus, radiation can regarded useful tool purely 
genetic investigations such problems the properties 
genes and chromosomes, the size and number genes and 
their mutational potentialities. Investigations the genetic 
effects radiations provide valuable data one the ways 
which biological material responds radiation, but, 
rightly emphasized one the foremost genetical investi- 
gators, Not all the effects radiation killing organisms 
disturbing their development are referable changes 
either the class gene-mutations chromosome 
re-arrangements (Muller, 1939). 

Injurious and Lethal Effects Radiation 

previous sections some account has been given the 
injuries caused small organisms (biological indicators) and 
particular organs within cells (chromosome effects) 
penetrating radiations. There still remains considered 
the largest field enquiry within the domain experimental 
radiology, namely, studies the effects radiation upon 
complex ‘tissues both health and disease and after 
experimental injury. 

Innumerable observations have been made the effects 
radiation, under the greatest variety physical conditions, 
upon embryological development, the various systems the 
body different stages growth, individual organs and 
the body whole. Such studies the response normal 
tissues radiation are not only interest and importance 
themselves, but also because the information they give 
concerning the amount radiation that the healthy body 
organ can tolerate. Unless healthy tissue were able tolerate 
greater quantity radiation energy than diseased tissue, 
penetrating rays would little use radiotherapy. 

general, biological indicators show response which 
independent the wavelength radiation but dependent 
the intensity, while the mutation-effect, though dependent 
the wavelength, independent the intensity. The 
biological effects now considered vary with alteration 
both the intensity and the wavelength the irradiation 
which they are exposed. 

Radiation affects any given cell complex tissue 
least two ways, first direct action the cell, and 
secondly injuring neighbouring tissues upon the health 
functioning which the cell depends. 

The term effect conveniently 
describes all the effects radiation except its direct action 
the cell, but has custom come restricted 
effects produced result injury the blood-supply. 
This quite arbitrary and rather unfortunate limitation 
useful term requires another describe the consequences 
the action radiation upon remote tissues and body-fluids. 
For this the term constitutional effects radiation now 
reserved. 

When blood-supply restricted inhibited 
the results are conspicuous (Harvey, 1942) that not 
surprising, perhaps, that they should one time have 
practically monopolized attention. has even been 


that all the radiation effects complex tissue are the 
results the action the circulation. This view easily 
refuted, however, reducing the radiation dose below the 
level which affects the blood-supply, when the direct effects 
the radiation can seen, unmasked injuries caused 
from lack blood. Alternatively, the role the blood- 
supply can demonstrated irradiating embryos ovo 
before and after the establishment the circulation and 
comparing the results (Wilson, Hughes, 
Spear, 1935). long the circulation intact, recovery 
from the direct effects exposure hastened when the 
blood-supply compromised, the injurious results are 
additive. 

The indirect effect radiation upon embryonic tissue has 
been strikingly demonstrated means 
experiments (Strangeways Fell, 1927) which was 
shown that the cells 6-day embryo, irradiated ovo and 
explanted shortly afterwards, could cultivated vitro 
apparently healthy condition for days. the embryos 
were incubated ovo for 21-25 hours after irradiation, 
however, they showed trace growth when explanted 
vitro. The cause cell-death was shown due the 
absence gaseous exchange the tissues the chick when 
incubated the shell, resulting from the arrest the blood- 
circulation shortly after irradiation. 

The level which the dose must raised affect the 
circulation considerably above that which causes direct 
effect upon tissue cells. For the chick the doses differ 
factor about 10. 


the various body-systems, the blood-vessels and blood- 
forming tissue were among the first which the direct 
effects radiation were observed (Desjardins, 1930; 
Rolleston, 1930 Dunlap, 1942). These studies have recently 
been greatly extended the use radioactive substances, 
introduced into the body and selectively absorbed the 
blood-forming tissues, place external radiation 
gamma rays. The range sensitivity these tissues 
affect the leucocytes the blood, while dose 100,000 
has demonstrable effect the isolated (frog’s) heart 
(Scott, Spear, 1945). 

Alteration the blood-count man early and con- 
venient warning injurious exposure radiation, but there 
agreed opinion where the danger line can 
precisely marked (Russ, 1943). The lymphocytes show the 
more marked change patients who have been irradiated, 
while the polymorphonuclear cells may the first show 
any change blood-counts the therapeutic staff. Small 
doses gamma rays spread over long time may lead 
specific aplastic anaemia which not scen after radiation. 

Exposure gamma rays has pronounced effects 
the embryological development all species animals 
which have been investigated. general, sensitivity during 
development decreases the age individual increases. 
This, far the direct effect radiation concerned, 
probably associated with, although not wholly explained by, 
cell-multiplication and growth-rate. determination all 
the factors involved one the central problems 
radiation (Hertwig, 1927 Packard, 1931 Henshaw, 
Henshaw, Henshaw Francis, 1933). 

Some light thrown the problem studying the 
inhibitory effect radiations upon regeneration, which has 


differ ing susceptibility different types 

cells. put another way—the potencies specific 
types cells play significant part determining the result 
any given irradiation. There evidence that, under 
certain conditions irradiation, the process differentiation 
among embryological cells promoted 
Tansley, 1936; Tansley, Spear Gliicksmann, 1937), 
although sensitivity radiation lost differentiation 
proceeds (Weigand, 1930; Curtis Schulze, 1934). 

The response the skin and its appendages radiation 
has perhaps been more extensively studied than any other 
system (Mitchell, 1938; 1940; Martin, 1940; Quimby, 
1942). these investigations the ultimate aim often 
discover ways and means protecting the skin from injury, 
while permitting effective irradiation reach the underlying 
tissues (Jolles, 1941 Grynkraut Sitkowski, 1936). 

Observations upon the direct effects irradiation the 
generative system the male rat led one the earliest 
generalizations the biological effects radiations 
(Bergonie Tribondeau, 1906), which emphasized the 
relative radiosensitivity proliferating cells and the relative 
radioresistance differentiated cells. Subsequent observa- 
tions have shown that this applies all species animals 
investigated, though the dose-level which mitotic activity 
affected differs for different species. 

While such comparative studies radiation effects 
different biological material have considerable interesi, 
perhaps more useful information obtained comparing 
the effects gradually increased doses radiation the 
same type tissue. This perhaps most easily seen when 
the data are arranged tabular form (see Table 
definite gradation the results immediately becomes 
apparent, especially the issue uncomplicated the 
intervention any indirect effects. 

The table shows that there single type response 
which can with any justification called the biological 
effect radiation, but that various dose levels change 
behaviour occurs the irradiated cells. the highest 
dose-level the result death, presumably 
caused breakdown the physico-chemical structure 
cell-protoplasm lower dose-levels, however, death 
cells results from different kinds initial injury; the 
threshold-dose for any observable change, complete recovery 
the cell from the effect radiation occurs. These dose- 
levels are altered the physical conditions irradiation are 
changed. Thus, there minimum amount radiation 
energy required produce any given type biological 
response organic tissue, which can only determined 
the method trial and error. 


Summary Effects Normal Tissue 


The biological effects radiation upon normal tissue may 

Radiations are always injurious the cells which absorb 
the changes produced may transitory (reversible 
effects) permanent (irreversible effects), with inter- 
mediate class effect where the radiation-changes disappear 
completely but leave the tissue state lowered resistance 
further radiation (conditioned reversible effect). There 
latent period between irradiation and the recognition 
the biological effect produces (Ellinger, 1941). 

There tenthousandfold difference between the extremes 
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SCHEME ‘AFTER GLUCKSMANN) ILLUSTRATING THE RELATIONSHIP BETWEEN CELL DIVISION 
AND CELL DIFFERENTIATION DIFFERENT TYPES NORMAL TISSUE—F. SPEAR 
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GENETIC EFFECTS 
RADIATION 800)—D. CATCHESIDE 


(a) 


Fig. 


Fig. Photomicrographs chromosomes Trades- 
cantia pollen-grains that have been rayed. 
dicentric chromosome, arisen sister chromatid- 
union chromosome-break, forms bridge 
anaphase joining the two polar groups chromosomes. 
(b) acentric fragment-chromosome lags the 
equator the spindle anaphase. (c) Asymmetrical 
chromatid-interchange and chromosome-break 
metaphase. 


Fig. Photomicrographs chromosomes meta- 
phase blocked colchicine pollen tubes 
Tradescantia. (a) Chromosome-break (i) with sister 
chromatid-unions both the centric and acentric 
fragments. (b) Chromatid-breaks, 


Photomicrograph part the nucleus salivary-gland 
cell Drosophila, showing inversion-loop (lower left). The loop 
produced the intimate pairing the parts the inversion- 
chromosome with the homologous parts the normal chromosome. 


ni: 
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sensitivity among different types living cells when 
measured the lethal effect (Scott, 1937). 

Radiation has marked effect interfering with cell- 
proliferation, and the dose which produces the first recog- 
nizable changes cell-proliferation always small relative 
the direct lethal dose for the same tissue. 

During development, radiosensitivity decreases the age 
the individual increases, but the decrease not necessarily 
progressive throughout development. Sensitivity radiation 
lost differentiation proceeds certain circumstances 
radiation may promote the process differentiation. Apart 
from direct lethal effect, cells may injured radiation 
incapable successful division, and thus either 
perish attempting mitosis produce non-viable daughter- 
‘cells. The degeneration which linked with interference 
with mitosis can distinguished from that resulting from 
the breakdown the so-called resting cells (Spear 
Gliicksmann, 1938). 


Radiation and Malignancy 


Much the experimental work the biological effects 
radiations has some relation the radiotherapy 
malignant disease. The demonstration that radiation can 
cure cancerous tumour raises the question how this 
effect brought about. There tendency for the results 
experiments any one the fields experimental 
radiology which have considered applied too 
exclusively the cancer problem. example, the effect 
radiation upon proliferating tissue striking that 
has been suggested that malignant cells die mainly 
degenerative mitosis (Lacassagne Monod, Nabias, 
1928). Although this has been disputed (Donaldson Canti, 
1923 Cheval Dustin, 1931), the idea has been revived 
recent genetical work which has attributed the death the 
cancer cell the effects radiations chromosomes. 

There can doubt that very many irradiated cells 
die when mitosis attempted after irradiation. That this 
action radiation frequently due direct hits 
chromosomes seems also beyond dispute. the light 
Dale’s work, however, there now the further possibility 
that radiation may act also dissolved enzymes via the 
solvent-molecules, and where dosage high enough affect 
blood-supply, the destructive effect malignant cells 
damage the circulation obviously another important 
factor. Objections can raised against accepting any one 
these explanations the principal means which radio- 
therapy achieves its success. Thus, regards the mitotic 
effect, the low percentage dividing cells present the time 
any one irradiation leaves the majority cancer cells 
tumour unaccounted for, and high proportion mitotic 
cells tumour not itself indication marked 
radiosensitivity. direct lethal action upon all tumour 
cells seems excluded (except where radiation used 
cautery) view the high dosage required produce such 
effect under experimental conditions, while the suggestion 
that all therapeutic effects are the result indirect effect 
radiation the blood-circulation against clear experi- 
mental evidence (Desjardins, 1932b) and has never received 
any substantial support. 

The problem can approached from another angle. 
Instead attributing the destruction tumour single 
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radiation-effect, irradiated malignant tissue may examined 
see how many types action can recognized, and 
attempt can made assess the relative importance 
each the eradication the growth. serial biopsies are 
taken from tumours during and after radiation-treatment, 
possible follow histologically the changes cellular 
activity quantitative manner for each type cell present 
(Gliicksmann, 1941 Gliicksmann Spear, 1945). Radio- 
sensitivity measured rapidity disappearance the 
tumour soon after irradiation means synonymous 
with radiocurability, that permanence radiation-effect 
(Cade, 1940). Thus, while much emphasis often placed 
the marked changes produced anaplastic tumours 
radiation, several observers have pointed out that the 
differentiating tumours, which seem clinically respond 
radiation more slowly, give the whole more satis- 
factory ultimate response (Dominici, 1909; Alter, 1920; 
Regaud, 1928; Phillips, 1931). These clinical results may 
explained the following way. obvious that, 
sterilization all potential dividing tumour-cells could 
achieved, their total destruction radiation would 
unnecessary, since the altered cells would gradually disappear 
the normal course events. differentiating tumour, 
many the daughter-cells resulting from cell division become 
sterile because they differentiate, although abnormally. 
this connection, the fact that radiation can promote 
differentiation well injuring proliferating cells 
some significance (Fukase, 1930; Finzi Freund, 
Spear 1941), since, with suitable types 
malignant tumour, radiation may exert curative action both 
mitotic inhibition and sterilization. the undifferen- 
tiated anaplastic tumour, the other hand, even marked 
destruction cells following heavy dosage may lead 
recrudescence the tumour from residual cells, incapable 
sterilization differentiation, which have survived the 
radiation. 

must recognized, however, that tumour, capable 
responding radiation increase differentiation may 
adversely affected excessive exposures which interfere 
with, instead promoting, this process. Over-irradiated 
normal tissues show increase cell division and decrease 
cell differentiation which has sometimes resulted 
radiation carcinomata (Haagensen, 1931; Laborde, 1931 
Ross, 1932). Such growths can, however, treated 
further radiation, delivered that proliferative 
tendencies potential dividing cells are checked and the 
differentiation processes promoted (Williams, 1938). 

The conditions under which the inhibiting action 
radiation cell division are best achieved are beginning 
understood, and remains determine the best physical 
conditions for sterilizing cells promoting differentiation. 

this connection the combination radiation with 
chemotherapy would seem profitable field for future 
research, well the effect combining two more 
different types radiation the treatment single 
tumour. The problem needs attacked from many 
aspects—hormonal, genetical, chemical (including organizer- 
substances), physical, and nutritional—and upon its solution, 
all probability, depends the next substantial advance 
the treatment malignancy. 
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COMPARATIVE STUDIES THE 
BIOLOGICAL EFFECTS RAYS, 
NEUTRONS AND OTHER IONIZING 
RADIATIONS 
GRAY, M.A., Ph.D. 
The Mount Vernon Hospital, Northwood, Middlesex 


The immense literature dealing with the biological effects 
ionizing radiations dominated experiments which the 
radiation employed has been therapeutic radiation, that is, 
radiation from tubes operated voltages between and 
200 kilovolts. This not surprising, since the majority 
the investigations have been undertaken with the object 
obtaining information immediately applicable therapeutic 
practice. the remainder, the approach has more frequently 
been that the biologist seeking explore the effects 
radiation different organisms and different aspects 
cellular activity, than the physicist attempting trace one 
particular lesion—such mutation, the breaking 
chromosome, the inhibition mitosis—to the inter- 
action the radiation with particular set atoms within 
the cell. 

For the former purpose, the type radiation employed 
appeared little consequence, and either the gamma 
rays from radium therapeutic radiation were generally 
employed most convenient. For the latter need 
employ diversity radiations, that may study the 
effects changing known manner the distribution 
the ions produced throughout the cell. Within fairly recent 
times, comparative studies with different ionizing radiations, 
such gamma rays, rays, neutrons and alpha particles, 
have led the establishment important and often remark- 
able facts, such that the death cell may result from the 
generation within certain small region amount 
energy which, spread over the whole cell, would not raise 
its temperature more than one hundred millionth 
degree Centigrade. With the advent the high-voltage 
x-ray tube’, the betatron and the cyclotron, the study the 
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response has assumed practical importance, for with the 
help these machines possible generate almost any 
type ionizing radiation under conditions which are suitable 
for the treatment deep-seated tumour. 


Linear Ion Density, the Distinguishing Feature 
Radiation, from the Biological Standpoint 


The discovery radium followed quickly upon the 
discovery rays, and some the earliest biological 
experiments with ionizing radiations were carried out with 
naked and radium. the screens used were 
just sufficient thickness absorb all the beta rays, the 
experiments were, effect, comparative studies the 
effects the beta and alpha rays they are generated 
small quantity radium. Striking differences were once 
Hardy (1903) observed that alkaline solution 
serum globulin (i.e. the negative side the isoelectric 
point) was coagulated, and that acid solution became 
clearer when exposed naked radium. When screens were 
introduced absorb all the alpha rays, that the drop 
solution was exposed only the beta rays, effect was 
observed even after twenty times the exposure. Chambers 
Russ (1912) observed that erythrocytes were haemolysed 
when exposed both alpha and beta rays, but not when the 
alpha rays were eliminated. Colwell Russ found that, 
when emulsions bacteria were exposed both alpha and 
beta rays, marked agglutination occurred before the lethal 
point was reached. When the alpha rays were eliminated, 
there was agglutination, although lethal condition was 
reached. 

consideration the physical differences which obtained 
these experiments will serve illustrate important points 
the intercomparison ionizing radiations general. The 
beta rays are electrons, that is, particles having 
the mass hydrogen atom and carrying unit negative 
charge, while the alpha particles are helium nuclei having 
times the mass the hydrogen atom and carrying two 
positive charges. Since was the negatively-charged 
globulin molecules which were discharged Hardy’s experi- 
ments, the effect was first attributed the neutralizing 
action the positive charge caused the alpha particles. 

* A description of these early experiments is given by Colwell & Russ (1924); 


the literature 1936 dealing with the biological effects alpha particles was 
reviewed by Zirkle (1930). 
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This now appears the highest degree improbable*. All the 
chemical and biological effects far studied are referable 
the excitation and ionization the molecules the path 
the ionizing particle, and would impossible say 
any individual excited ionized molecule whether had 
been produced electron alpha particle. 

The essential difference between the two rays lies the 
number and distribution space the ions and excited 
molecules which they produce. the second place, 
important notice that while the beta and alpha particles 
emitted naked radium are comparable numbers, the 
beta rays have initially average energy about million 
volts, which gradually transformed into ionization and 
excitation throughout total path several millimetres 
water tissue, whereas the million volts initial energy 
alpha particle dissipated less than 1/20 mm. Within 
the 1/20 mm. immediately surrounding the radium, the total 
number ions formed the alpha rays may therefore 
several hundred times great that produced the beta 
rays, and not surprising this ground alone that the 
alpha rays appeared very much more effective. 

shall discuss detail only experiments which the 
total number ions formed the radiation per unit volume 
tissue has been estimated with reasonable 
From such experiments learn that biological effect not 
general uniquely determined the total number ions, 
but that also conditioned the spatial distribution 
these ions the effect small number particles, each 
producing large number ions, not necessarily the same 
that large number particles, each producing few 
ions. 

take concrete example, consider the effect equal 
doses (25 beta radiation and alpha radiation 
the meristematic cells the root-tip the broad bean, 
Vicia faba. The total ionization produced nucleus 
diameter each case 23,400 ions. the former, the 
total made the contribution from 500 beta particles, 
each producing average ions per micron path. 
the latter, the whole ionization produced the transit 
single alpha particle producing ions the rate 3,500 
per micron. The beta radiation will produce appreciable 
diminution mitotic activity hours after irradiation, but 
the effect the subsequent growth the root will 
scarcely detectable. The alpha radiation has detectable 
immediate effect mitosis, but six days later the average 
growth-rate the roots will less than third its normal 
value, and small proportion the roots will cease grow 
altogether. 

The contrast between the effects beta and alpha 
sometimes striking, the example just given, because 
these two radiations lie almost the opposite extremes 
the known radiations regard the density the ionization 
along the tracks the particles. Even this case, however, 
the differences are quantitative and not qualitative. suffi- 
cently large dose alpha radiation has immediate effect 
mitosis, and sufficiently large dose beta radiation will 
kill the roots. Radiations intermediate between beta rays 


pe. somewhat analogous experiments with colloidal graphite, Gray, Read & 
ie 


mann (1941) observed that similar changes in the charged condition of the 


particles were produced by negatively-charged electrons and positively-charged 
protons, The two radiations differed on'y in their numerical efficiency. 


4 [The measurement of ionization is discussed by G. J. N i th i 
( BMB 803) in this number.—Ep.] 
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and alpha rays are not always intermediate the effectiveness 
given amount ionization, since there may 
optimum linear ion density for any given biological effect 
which not either extreme, but the cases far studied 


DENSITY PRODUCED DIFFERENT 
PARTICLES 


MEAN 
RADIATION MODE OF GENERATION pape PARTICLE 
miceon 
of tissue) 
Very hugh 0 30 milion betatron 8-5 
beta Natural and artificial 
eadiation 
Gamma Radium screened by utleaste ___ 
tion 
X-ray tubes operated 30-180 100 
Copper 


tly 


ugh-voltage ion tubes 


radiation Artificial disintegration 


Atom 
particle 


As an ionizing particle slows down, it produces‘ ons at an ever-increasing rate 
until it has been brought nearly to rest. The ion density, therefore, increases 
along the length of the track of any ionizing particle. The figures quoted in the 
table are average values for all the particles generated by a given type of radiation. 
It will be seen that this average value increases with decreasing voltage for each 
type of particle. Thus very high voltage x rays give rise to the particles of lowest 
ion density, and high-energy neutron radiation is less densely ionizing than low. 


has almost always’ been found that there smooth and 
progressive variation effectiveness with the density the 
ionization along the track the ionizing particle irrespective 
whether the particle electron, proton alpha 
particle. 

The subject, therefore, admits great simplification, 
for general not necessary contrast the numerous 
types radiation, but only discuss the influence the 
ion density” the total amount ionization 
required bring about given biological effect. Experi- 
mentally, also, this involves simplification, since there are 
sometimes alternative ways generating particles given 
ion density, shown the above table. 

Certain points therapeutic interest emerge from con- 
sideration the data contained this table. will 


* An exception is noted on p. 15. 
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observed that strongly-filtered radium gamma rays, the beta 
rays from radium, and both the beta rays and the rays from 
betatron operated voltages million volts, are 
all bracketed the level 6-8 ions/micron. Theoretically 
charged particle can produce less than ions/micron 
moreover, the minimum flat one, rising particularly 
slowly the high-voltage side, has been checked experi- 
mentally the study cosmic-ray particles. While, 
therefore, the betatron offers attractive possibilities from the 
standpoint radiological technique there are priori 
grounds for expecting marked difference biological 
effectiveness between, say, million volt rays and heavily- 
filtered radium gamma rays. 

second point the table, which large changes the 
conditions generation result little change the 
ion density the radiation produced, occurs the range 
rays commonly used radiotherapy. From the biological 
standpoint, the quality x-ray beam may specified 
stating the average ion density the secondary electrons 
which gives rise the irradiated tissue. Some these 
electrons (photoelectrons) have the full energy the x-ray 
quantum others (recoil electrons) have only fraction 
this energy. the kilovoltage the x-ray tube increased, 
the energy both types electrons increases, but those 
having only small fraction the quantum energy become 
relatively more numerous, with the result that the mean 
energy all the electrons both types changes only very 
slowly. Detailed calculation (Lea, 1946) shows that the 
average energy, and therefore the average ion density the 
secondary electrons, almost constant for all 
energies between and roughly for the radia- 
tions from x-ray tubes operated all voltages between 
and 180 kV. consequence, not expected that 
change x-ray quality within this range will accom- 
panied any appreciable change the biological effect 
given total amount ionization per unit volume tissue." 
The number experimental investigations dealing with this 
point legion, because the range x-ray qualities 
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grounds for doubting the accuracy the inference from 
ion-density considerations and would possible point 
number very careful investigations, outstanding 
among which are probably those Packard (1927, 1936b), 
who studied the percentage-mortality 
Drosophila eggs, which show particular biological effects 
independent x-ray quality over this range high 
degree accuracy. appears, indeed, almost the light 
freakish prank Nature that she should have tempted 
many investigate region destined bear little fruit. 


The Influence Density Yield 


Many substances are decomposed when exposed any 
the ionizing radiations. When the decomposition takes 
place the gaseous phase, the number molecules decom- 
posed usually the same order the number ions 
found the radiation, and roughly the same for beta 
rays 10) and alpha rays true 
the decomposition ammonia, nitrous oxide, and hydrogen 
iodide. The decomposition water-vapour, however, 
appears exceptional that the yield very low with 
rays. Equality yield with beta and alpha radiation has 
also been observed the case the synthesis ammonia, 
hydrogen bromide and ozone, and though there are pub- 
lished data this sort for neutrons other radiations 
intermediate ion density, may presumed that the yield 
will completely independent ion density those cases 
which the same for beta and alpha rays. 

Chemical reactions solution, and particularly dilute 
aqueous solution, are much greater interest from the 
biological standpoint. The decomposition water itself 
notoriously controversial, even regard the experimental 
facts, and not possible say with certainty whether the 
much higher yield generally found with alpha radiation than 
extraneous circumstances, such the presence absence 
dissolved oxygen. 

The position, far the published findings are con- 


FIG. SEPARATION ION CLUSTERS RELATION THE SIZE VIRUS PARTICLE 
DIAMETER 


question happens the same time the most accessible 
and the most interesting current radiotherapy. might 
expected, these investigations not all lead the same 
conclusion. may said, however, that there are solid 


6 This does not necessarily imply, of course, that the biological effect of a 
given dose, measured in réntgens, will be independent of x-ray quality. It is just 
in this region that the ratio of the ionization produced in tissue to the dose in 
réntgens may show a marked dependence on x-ray quality. 


Soft rays 


Alpha particle 


cerned, hardly less satisfactory with regard dilute 
solutions, since there appears reaction which has 


7 The symbol 4 will be used throughout for the linear ion density, i.e. the 
average number of ions formed per micron in water. 
® Duane & Scheuer (1913) (M/N = 1-06); Nurnberger (1934) (M/N = 0-78) 
Lanning & Lend (1938)(M/N = 0°87). M and N refer to the number of molecules 
decomposed and the number ions formed respectively. 


9 Risse (1929) and Fricke & Brownscome (1933) pases a negligible yield, 
but Gunther & Holtzappel (1939) found (M/N~1) 
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been studied two different ion densities the same author 
and the difficulties associated with these experiments are such 
that small differences the yield obtained different 
authors cannot relied upon. The evidence the case 
the decomposition hydrogen bromide and hydrogen 
iodide, and the reduction potassium permanganate, points 
the absence any dependence ion density. seems 
fairly clear, the other hand, that the difference between 
Stenstrom Lohmann’s estimated yield (M/N 0-1) for 
the decomposition tyrosine rays and Nurnberger’s 
figure (M/N 0-003) for alpha rays evidence sharp 
fall the proportion molecules decomposed ions 
formed the radiation the ion density increases from 
3,500 ions/micron. Dale and Meredith, collaboration 
with the writer, have recently examined carefully the inactiva- 
tion dilute solutions the enzyme carboxypeptidase 
rays and alpha rays. The alpha-ray yield was found 
only about 1/20 the x-ray yield, indicating sharp fall 
efficiency the radiation with increasing ion density. 
would appear that, the case the densely-ionizing alpha 
particles, high proportion the products resulting from 
the ionization the water become ineffective before they 
reach the enzyme molecules awaiting inactivation. More 
experiments this kind are urgently needed throw light 
the mechanism which such inactivations are brought 
about dilute aqueous solutions, particularly view 
their relevance the biological studies. The influence 
ion density the inactivation enzyme systems under 
vivo conditions also awaits investigation. 


lon Density Relation the Inactivation Elementary 
Biological Units 


best-understood examples ion-density 
dependence are connection with the direct inactivation 
elementary biological units, such viruses and genes, the 
ionization their constituent atoms. separate articles 
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formed clusters more pairs, the average number 
being pairs, and rather accurate experiments would 
necessary certain that the effect invariably produced 
that since each cluster contains average 
the distance apart the clusters will given microns 
where the ion density the radiation. For gamma 
rays 3/\ about 300 for hard rays mp, for soft 
rays mp, and for alpha rays 0-85 

The diameters the smaller viruses range from 
The relation between the size the virus and the spacing 
the ions thus roughly that shown Fig. for the four 
radiations mentioned. Even allowing for unevenness the 
spacing the ion clusters, evident that only rarely will 
single ionizing particle give rise more than one ion cluster 
within virus particle irradiated gamma rays. long-as 
this obtains, the chance that cluster formed within any 
given virus particle just equal the total number 
clusters formed per unit volume the medium multiplied 
the volume the virus, and therefore the inactivation- 
dose should independent ion density. 

the other hand, alpha particle will produce many 
ion clusters within even the smallest virus particle gene, 
that, one cluster suffices for inactivation, this radiation 
must necessarily inefficient, and large dose will 
needed produce given degree inactivation. 

Fig. the experimentally-determined efficiencies 
number radiations inactivating virus preparations are 
plotted against the mean distance between ion clusters for 
six virus particles, ranging size from my. The 
theoretical variations for spheres and diameter 
are drawn full. will seen that, accordance with 
expectation, the experimental values the efficiency begin 
show dependence ion density just the point where 
the distance between clusters comparable with the size 
the particle. 


FIG. RELATIVE EFFICIENCY IONIZING RADIATIONS FOR THE INACTIVATION VIRUSES 
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reference will suffice. 

The distinctive feature the effects under consideration 
that they are produced whenever ionizing particle leaves 
two three ion-pairs anywhere within the unit. possible 
that single ion-pair suffices, but ion-pairs are, fact, 


1” [See paper ‘ The action of pees on viruses and bacteria ” (BMB 
301) by D. E. hey in this number.— 


in this number.—Ep.] 


Tomato Bushy Stunt Diam. 
Dysentery Phage Diam. 
Coli Phage C.36 Diam. 
Staph. Phage Diam. 


Calculated Curves 


The experimental points and the calculated curves 
particles are based inactivation doses given Lea 
Actions radiations living cells (in press). 


The relation between inactivation-dose and ion density 
thus provides very useful approximate estimate the size 
the biological unit cases where this unit may inacti- 
vated single ion cluster. interesting note that, 
the basis such studies, Lea Salaman (1942) put 


448 The millimicron (mu) = 1/1,000 micron = 10-6 mm. 


3 The term ‘ ‘ efficiency of a radiation ’’ will be used throughout this article 
to mean a quantity inversely proportional to the total amount of ionization per 
unit volume of tissue required to produce a given biological effect. 
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forward the view, before internal structure was demon- 
strated electron micrographs, that vaccinia virus should 
regarded single-celled organism containing con- 
siderable number discrete structural units analogous 
genes. 


The Changes induced Chromosomes Different 

The nature the chromosome structural changes induced 
radiation discussed detail another Many 
these structural changes are known injurious and 
some lethal the daughter-cells, and they are produced 
relatively low doses radiation—in the materials studied, 
the doses employed have rarely exceeded 500 réntgens 
radiation, tenth this dose alpha radiation. There 
can little doubt therefore that they play important part 
the response many types cell radiation, including 
probably the response normal and malignant tissue 
radiation certain types radiotherapeutic techniques 
(Koller, 1945). 

Before considering the influence the type radiation 
the response cells, organisms, and tissues, will con- 
venient summarize the information regarding the chromo- 
some structural changes. The production chromosome- 
break requires that particle shall pass through (or the 
immediate vicinity of) the chromosome, leaving adequate 
number ions within the chromosome. The exact number 
ions required probably varies from one type cell 
another, and may well vary with the stage development 
any one cell. Experimentally found that high ion density 
radiations are more effective than low breaking the pollen 
grain chromosomes the plant prophase 
(Fig. 3), fact appears that only radiation which pro- 
duces least 200 ions per micron track has high 
break-producing efficiency. Since the diameter the 
chromated thread prophase about inferred 
that break only likely follow when least ions 
are formed one locus within the thread. other 
material has been analyzed for chromosome structural 
changes such detail Tradescantia, but restricted analysis 
(Marshak, 1939; 1942; Marshak Bradley, 1945) the 
changes produced rays and neutrons root-tips the 
broad-bean, the pea, the tomato, three mouse-tumours 
sarcoma 180, mammary carcinoma, and lymphosarcoma— 
all these materials, more structural changes were produced 
neutrons than equal dose rays, from which may 
infer that all these cases the conditions for break-production 
are the same general type those Tradescantia. There 
some evidence, the other hand, that Drosophila 
sperm, single ion cluster may suffice. 

Since the ion density along electron track exceeds 
200 ions/micron only when its energy less than 3-5 kV, not 
only much the ionization produced the more energetic 
electrons generated by, say 200 rays, wasted regards 
chromosome-break production Tradescantia and similar 
materials, but any one particle unlikely break two 
chromosomes separated distance greater than the range 
3-5 electron, i.e. greater than 0-4 micron. 

For this reason, structural changes arising from the inter- 
change partners between two broken chromosomes almost 


4 [“ Genetic effects of radiations ” by D. G. Catcheside (BMB 800)—Ep.] 
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always involve the action two separate electrons. follows 
that when the dose delivered short time, the number 
such configurations produced will increase the square 
the dose. Furthermore, the duration over which the total 
dose spread increased, fewer abnormal configurations 
will produced because each individual break may reform 
the original chromosome, and the chance this happening 
preference interchange-formation increases with the 
interval between the production the two breaks. The 
same restriction does not apply the recoil protons generated 
neutrons alpha particles which maintain the re- 
quired ion density over distances much greater than the 
diameter the whole cell. thus comes about that 
Tradescantia 

Simple breaks produced any time the cell-cycle. 
and certain structural changes (the so-called isochromated 
breaks arising from the breaking two sister chromatids 
lying almost contact prophase, increase proportion 
dose, and are independent the duration exposure for 
all radiations. The number produced given dose 
increases with ion density. 

Structural changes involving two chromosomes, other 
than the isochromatid breaks referred increase 
proportion the square the dose when the exposure-time 
constant, and decrease with increasing duration exposure 
for all types radiation they increase proportion 
the dose and are independent the duration exposure 
(except far this affects the state development the 
cells irradiated) for neutrons and alpha particles. The more- 
densely-ionizing radiations produce more structural changes 
this type per unit dose than rays when the dose 
and fewer when large. 

interesting note that have here exception 
the general rule that from the 
point radiation may characterized its ion density. 
Very soft rays, account the limited range the 
secondary electrons, not exactly parallel neutrons, even 
when the ionizing particles generated these two radiations 
have the same average ion density was demonstrated 
experimentally Catcheside Lea (1943). 

The ratio the number certain types structural 
change produced rays the number produced 
equal dose neutrons varies with the stage development 
the cell the time irradiation. 


Comparative Studies with Other Biological Material 
Lethal Effect Drosophila Eggs 

Many experiments have been made determine the propor- 
tion fertilized eggs which hatch after receiving varying 
doses radiation. The eggs are usually irradiated about 
hours after laying, when about mitotic cycles have been 
completed and the egg contains above hundred nuclei. The 
careful observation Packard (1927) showed that given 
dose produced the same degree mortality whatever the 
quality the radiation within the x-ray therapeutic range, 
but this, have seen, throws little light the question 
possible dependence the efficiency the radiation 
ion density. Packard (1927), Henshaw Francis (1936), and 
others, extended the investigations supervoltage rays and 
gamma rays. appeared first that rather larger dose 
radiation was needed produce given mortality, but the 
measurements were carried out time when some uncer- 
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tainty the physical side was attached measurements 
dose (Neary, 1946). Packard (1932) extended the 
measurements the other direction down rays, and 
concludes that between and 1,000 the mortality 
independent x-ray quality. The corresponding range 

were compared Zirkle Lampe (1938). The mortality- 
curve, function dose, for neutrons had the same shape 
that for rays, that the relative effects the two radia- 
tions could expressed single figure which was 0-8 for 
eggs hours old, 1.2 for eggs hours old, and 1-1 for eggs 
hours old. doubtful whether the variation with age 
significant, and conclude that neutrons and rays are 
roughly equally efficient, i.e. that the effect independent 
ion density 400 

was mentioned earlier, there evidence that, under the 
conditions prevailing the sperm, the chromosomes 
Drosophila may broken ionizing particle which 
leaves only one two ion clusters within the chromosome- 
thread. the same true the chromosomes the egg, 
then the fact that the mortality does not depend ion 
density over the range investigated would not exclude chromo- 
some structural changes possible origin the lethal 
effect the radiation. would great interest 
investigate the effect further tenfold increase ion 
density the use alpha radiation. 


Lethal and Sub-lethal Effects Root-tips, particularly 
Vicia faba 

The meristematic cells the shoot and root-tips 
organisms are very sensitive radiation, and the damage 
caused 200 1,000 réntgen radiation will lead the 
death variety roots. passing from gamma radiation 
the radiation has generally been found increase 
about 50%. 

Zirkle Lampe (1938) compared the inhibition 
growth both the shoot and root wheat-seedlings, when 
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irradiated neutrons, for which 400 with that 
was about times efficient the radiation, making 
total increase efficiency the ion density raised 
from 400 Very similar results were obtained 
Gray, Read Mottram (1939), who investigated the lethal 
effect gamma rays, rays, neutrons, and alpha particles 
the roots Vicia faba. Their results are shown Fig. 
The wheat-seedling results fall almost the same curve. 

The primary injury evidently sensitive 
changes ion density over the range 100—1,000 ions/micron. 
This just the region ion density which, have 
already seen, there rapid increase the efficiency 
ionizing particles breaking the chromosomes variety 
materials including Vicia faba. data for 
two types chromosome-break observed Tradescantia 
pollen are also shown Fig. since corresponding data for 
Vicia faba are not yet available. The trend one the 
curves similar, suggesting that the inhibition growth may 
arise from chromosome structural changes produced the 
meristematic cells. 

This hypothesis has been tested variety ways, one 
which special interest from the point view ion- 
density studies (Gray Scholes, unpublished). will 
recalled that, whereas some types structural change require 
the joint action two ionizing particles when produced 
rays, and therefore increase the square the dose and 
decrease with duration exposure, all types produced 
alpha particles increase direct proportion the dose and 
are independent duration exposure. Methods have been 
evolved estimating the proportion cells the root-tip 
which are injured exposure lethal and sub-lethal doses 
radiation, and has been found that this proportion does, 
fact, increase linearly with dose the case alpha radia- 
tion, and not diminished prolonging the exposure-time 
even hours, while with rays the proportion increases 
more rapidly than the first power the dose, and the case 
the larger doses falls markedly the exposure-time 
increased from few minutes hours. This inter-relation 
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between the influence ion density and duration exposure 
likely found also when the effects neutrons and 
rays are compared. interesting note (Fig. that 
the curve for the temporary inhibition mitosis Vicia faba 
follows entirely different course, showing that this 
material certain disturbances the mitotic function must 
traced different primary injury from that which leads 
ultimately the death the root. 


Animal Embryonic Tissue and Tumour-Tissue 


The immediate effects variety radiations, from 
heavily-filtered gamma rays neutrons, the mitotic 
activity chick-embryo fibroblasts cultured vitro have 
been the subject many investigations, starting with those 
Sirangeways, and continued mainly Spear 
collaborators (Canti Spear, 1927; Gray, Mottram, 
Read Spear, 1940; Lasnitzki Lea, 1940). Spear 
Grimmett (1937) found marked influence the hardness 
the gamma rays employed which, real, would indicate 
unusually rapid increase efficiency with ion density the 
region ions/micron, since the extreme variation ion 
density their experiments could only have been about 
The efficiency continues increase with ion density, but more 
slowly until the x-ray region reached ions/micron), 
after which there little any further increase 
1,000 ions/micron. 

its general features the course the curve therefore 
closely resembles that for the inhibition mitosis root- 
tips, but data are available show whether the curve 
falls ion densities above 1,000 the case with 
Vicia faba (Fig. 3). 

Many experiments the Strangeways Laboratory team 
have shown that the effect radiation mitosis essen- 
tially the same under vivo under vitro conditions. 
particular, Spear Tansley (1944) found that, the 
tissue-culture experiments with chick-embryo fibroblasts, the 
immediate effect neutrons the mitotic activity the 
developing rat-retina was approximately the same that 
equal dose radiation. There are certain differences 
the subsequent return mitotic activity, but these may 
bound with the markedly greater efficiency neutrons 
causing cell-degeneration. 

Not only was much more cell-degeneration produced the 
rat-retina neutrons than equal dose gamma radi- 
ation, but the degenerate cells appeared much earlier. This 
may indicate that cell-degeneration follows different course 
according the radiation which causes the primary injury. 

The effects various radiations have been compared 
regard their ability injure tumour-tissue irradiation 
vitro such way that does not take when inoculated 
into test-animals. appears established, particularly 
the careful experiments Sugiura (1939), working with 
mouse-tumours, that radiation about 50% more effective 
than gamma radiation. The experiments were 
neutron radiation ion density about 300 The 
relative efficiencies neutrons and rays, tested 
lymphosarcoma, lymphoma, and carcinoma the mouse, 
were and respectively. When these data are taken 
conjunction with Sugiura’s, find that the ion-density 
curve (Fig. follows closely the course the curve for the 
effect root-tips. Experiments higher ion density 
are much needed. 


‘5 For a review of this work see Aebersold & Lawrence (1942). 
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Gray, Mottram Read (unpublished) carried out vivo 
irradiations inoculated mouse-tumours, using neutron and 
gamma radiation. The neutron radiation appeared 
some times efficient gamma radiation. com- 
paring this result with the vitro studies already mentioned, 
have note first that the neutron ion densities were much 
higher the vivo experiments 1,100 and, 
secondly, that the influence ion density and duration 
exposure may interconnected. The gamma ray and 
neutron exposures were equal duration hours), but the 
time may have been such that the effect the gamma radia- 
tion, but not the neutron radiation, was thereby diminished 
compared with very short exposure. 

Mouse-tumour tissue has also been irradiated the very- 
densely-ionizing particles resulting from the disintegration 
boron lithium slow neutrons. Very great technical 
difficulties were encountered obtaining quantitative results 
the vivo experiments. effect the disintegration- 
particles was clearly demonstrated the vitro experiments 
(Kruger, 1940), though was not possible estimate their 
efficiency relative other ionizing radiations. 


Neutron Therapy 


1942, Stone Larkin reported upon patients suffering 
from malignant disease who had been treated neutrons. 
With regard the clinical results, best quote Stone’s 
(1944) views 

tried almost entirely patients with far advanced cancer 
convey any adequate idea what actually takes place during 
the course treatment. While the survival statistics presented 
and the autopsy findings reported appear discouraging, the 
general impression one watching the patients being treated 
that marked tumour regressions are being produced even when 
they were not expected. many instances, large metastatic 
nodal involvements disappeared, showing remarkable effect 
the neutron rays the tumours. The patients whole did 
not react well, either because the tumour had spread beyond 
the treated regions and was not controllable for that reason, 
because debilitating ulcer remained the site the primary. 
many instances biopsies from the edges persisting ulcers 
did not show evidence cancer, but because either the 
extensive destruction caused the cancer the irreparable 
damage caused the neutron rays, normal tissues would not 
react such way bring about the healing the ulcer.” 

Skin-reactions neutron radiation followed the same 
general course after radiation. Considerably smaller 
doses neutron radiation were needed produce given 
degree skin reaction, and one may say roughly that the 
efficiency neutrons this respect appears about times 
that, x-ray therapy, the total dose was delivered 
large number fractions spread over about weeks, and 
until the influence fractionation the effects both 

types radiation has been fully investigated, figure repre- 
senting their apparent relative effectiveness gives little guide 
the nature the processes involved (Gray, 1944). 
least clear, however, that both skin response and 
tumour response belong the class reactions which, 
proceeding from gamma rays neutrons, the effectiveness 
increases with increasing ion density. has been pointed 
out (Gray Read, 1943) that insofaras more favourable 
tumour response has been obtained with neutrons than with 
rays, this may taken indicate that the curve (Fig. 
for tumour response rising more rapidly than that for skin- 
damage. further improvement might therefore expected 
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the use less energetic (greater ion density) neutrons, and 
advantage might taken the fall the average energy 
neutron beam passing into the body increase the 
damage the tumour relative that the skin. 

Such advantage, however, falls into the same class 
the technical improvement offered the increased depth- 
dose obtained with high-voltage x-ray 
best, they enable the therapist deliver any desired dose 
radiation mass tissue which completely envelops all 
the malignant cells. There remains the problem dis- 

‘© [See paper on “ Million-volt therapy  (BMB 807), by G. S. Innes, in this 
oumber.—Eb.] 
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GENETIC EFFECTS RADIATIONS 


CATCHESIDE, M.A., D.Sc. 
Lecturer Botany, University Cambridge, and Fellow Trinity College 


Genetics concerned with the mechanism heredity, 
with the reasons why offspring resemble their parents and 
some cases differ from them. The characters the human 
body, any other organism, are controlled genes 
present every cell. The genes are passed from parent 
offspring the gametes. They are situated and 
largely, not wholly, constitute the chromosomes, which 
there fixed number given kind organism. The 
gametes contain set (n), the zygote and body-cells 
diploid set (2n) chromosomes. Thus each chromosome 
homologue represented once the gamete and twice 
body-cell. 

Each gene occupies fixed position (locus) its particular 
chromosome the haploid set. The gene present given 
locus may not always exactly the same one, but may 
replaced slightly different one, called allelomorph 
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criminating between two adjacent cells such manner 
destroy either the malignant character the tumour-cell 
the cell itself, without destroying all its healthy neighbours. 
Such discriminations must based ultimately 
biological difference between the two cells. Differences 
metabolism, chromosome structure, and rate develop- 
ment, are known exist, and these differences, have 
seen, profoundly affect the manner which the various 
functions cell are influenced radiations differing 
ion density. would seem that fuller investigation these 
differences may reveal improved methods obtaining the 
desired discrimination. 
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(or allel). Thus, particular genetic locus two homo- 
logous chromosomes, given body-cell may possess the same 
allelomorphic gene and homozygous, may possess two 
different allelomorphs and heterozygous. The number 
allelomorphs given gene not limited. Thus allelo- 
morphs controlling the blood-group series are recognized 
man, about allelomorphs the (white eye) series 
the fruit-fly Drosophila melanogaster, and between and 
allelomorphs the gene concerned with incompatibility- 
flowering plants. However, normal diploid organism 
more than allelomorphs gene may present 
together the same individual. Moreover, each the 
gametes produced given individual will contain only one 
allelomorph and, where the individual heterozygous, half 
its gametes will possess one allelomorph and half the other. 
For example, the rare nervous disease Huntington’s chorea 
transmitted, the average, half the affected person’s 
children. The particular genes the affected persons may 
symbolized for the abnormal gene responsible for the 
manifestation the disease and for its normal allelomorph. 
The affected person would and his (or her) gametes 
half and half Since the disease rare, the spouse 
would normally and the children therefore, 
average, half (capable developing the disease) and the 
other half (normal). 


er. 


zed 
sent 
the 
one 
half 
‘her. 
may 
the 
the 


BRITISH 


The gene (H) for Huntington’s chorea usually spoken 
being dominant the normal gene which recessive. 
fact, the term dominant implies that there difference 
the appearance (phenotype) and individuals. 
man this particular information lacking, the use 
the term dominant this connection convenient rather 
than correct. Probably majority genes producing 
abnormalities man are strictly recessive, the homozygous 
and heterozygous normals being alike, else intermediate 
their dominance, the heterozygous being more like the 
homozygous normals than the homozygous abnormals, 
which may very extreme their character. 

Gene-segregation orderly and dependent upon the regular 
pairing together and separation the chromosomes 
meiosis. This precedes gamete-formation and constituted 
two special nuclear divisions, the course which the 
number chromosomes contributed the daughter nuclei 
becomes half that the parent nucleus. The orderliness 
such that each daughter nucleus receives one each the 
different homologous chromosomes. Moreover, any 
particular gamete given homologue may compounded 
complementary parts the two homologues present the 
parent. parent which one pair homologous 
chromosomes has the genes ABcdeF and the 
other the genes may produce gametes which 
possess for example ABcdEfgh abCdEFgH 
well chromosomes like one other parental homologue. 
This orderly rearrangement comes about crossing over 
during meiosis, the relative frequency rearrangement 
occurring between two particular genes being measure, 
technically known the linkage value, their distance 
apart the chromosome. All the genes loci present 
one chromosome together constitute one linkage-group, 
the number possible groups organism being equal 
the haploid number chromosomes. For further 


account genetics particularly relation man the reader 
referred Ford (1942). 


Stability Chromosomes and Genes 

Apart from the process crossing over, whereby the 
chromosomes may recombine their differences, the chromo- 
somes are highly stable structures. However, changes 
occur very rarely, resulting alterations the linear order 
the genes within one chromosome linkage-group, 
exchange blocks genes between two non-homologous 
chromosomes linkage-groups. The frequency these 
structural changes, spontaneously very rare, greatly 
increased various radiations. Similarly the genes them- 
selves also possess high degree stability. They have 
capacity self-reproduction which one the most impor- 
tant characteristics living matter. All the evidence indicates 
that they reproduce exactly, and that, any change occurs 
within one them, the gene reproduces its changed form. 

Changes genes occur spontaneously, but usually 
the frequency such mutations very small. The normal 
frequency the order one change per million genes 
per nuclear division cycle, and may smaller even than this 
for great many genes. few genes are highly mutable, 
with rate about one per thousand ten thousand genes 
per nuclear cycle (Demerec, 1935). There is, however, 
indication that they are fundamentally different from the 
stable genes, and probably there discontinuous range 
mutation-frequency. 
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The stability very little affected ordinary environ- 
mental fluctuations, temperature being the most potent 
such influences. rise temperature will increase 
the rate mutation about five times (Timoféeff-Ressovsky, 
Zimmer Delbriick, 1935). Thus the principal hereditary 
material, the chromosomes and genes which they are 
constituted, distinguished remarkable stability 
minute structure, both regards the constituent particles, 
the genes, and the way which these are ordered and bound 
together form chromosomes. 

The significant genetic effects radiations are that gene- 
mutations and chromosome structural changes become much 
more frequent under their influence. The order increase 
over spontaneous changes hundredfold for quite moderate 
doses rays. The chief biological interest lies the 
possibilities studying the nature the mutation-process 
and, extension, the gene and also the manner 
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Relation frequency dominant lethals produced 
sperm dose rays employed. percentage eggs 
ratio. each case the logarithm the frequency plotted 
against dose points experimental. 


Reproduced from Catcheside & Lea (1945) by kind permission of the Editor of the 
Journal of Genetics. 
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which the genes are tied together form chromosomes. 
With the help radiations, experiments can carried out 
which, dependent spontaneous mutation alone, would 
almost impossible. 

Medically, the importance lies firstly the fact that most 
mutations are recessive and deleterious and therefore that 
deep radiotherapy may run the risk producing mutations 
the gonads. The mutations may transmitted the 
treated person’s children and spread undetected the 
population which, generations later, homozygous defective 
individuals may arise. The genetic change immediate but 
the physiological consequences are delayed. Secondly, many 
kinds induced chromosome structural change are lethal 
all cells which they are produced, and this property, 
among others, radiations that renders them effective 
killing unwanted tissues such cancers. 

Apart from radiations, only few agents have been 
found capable greatly enhancing mutation-rates. The 
most effective are certain synthetic chemicals, the naturally- 
occurring mustard oil, allyl isothiocyanate (Auerbach 
Robson, 1944) and antibodies (Emerson, 1944). 

Most researches the genetic effects radiations have 
been confined few organisms that are technically favour- 
able from the point view ease handling the large 
numbers individuals needed controlled experiments. 
The principal ones are the fly Drosophila melanogaster, 
maize, and some fungi such Neurospora, together with the 
flowering plant Tradescantia for chromosome studies. 


Radiation-induced Mutation Drosophila 
When adult male flies are exposed radiations and subse- 
quently mated untreated virgin females, proportion 
the eggs laid fail hatch although they have been fertilized. 


The premature death the individual ascribed the 
induction dominant lethal mutation the sperm. The 
existence such mutations was first proved Muller (1927), 
who showed that their number was great that through egg 
counts and effects the sex-ratio evidence could obtained 
1945; Demerec Fano, 1944) the graph relating the 
logarithm the percentage eggs reaching the larval 
adult stages the dose linear one. Above 4,000 the 
gradient becomes steeper, suggesting that mixture 
total yield dominant lethals. The predominant contri- 
bution, particularly the lower dose-range, single-hit, 
and dominant lethals involving more than one hit, and 
increasing more rapidly than the first power the dose, 
become important only higher doses (Fig. A). 

The occurrence dominant lethals expressed also 
the sex-ratio, the proportion females 
males hatching from batch eggs. the x-ray dose 
increases, the sex ratio declines (Fig. B), owing the extra 
probability dominant lethal being induced 
X-chromosome-bearing sperm compared with Y-chromo- 
some-bearing sperm exposed the same dose. The female- 
producing X-chromosome little larger than the male- 
producing Y-chromosome, and presents larger target 
which the dominant lethals may induced. 

Discussion the nature the dominant lethals 
deferred, except indicate that the change the hereditary 
material does not produce immediate effect. Eggs which 
fail hatch are found have undergone number 
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nuclear divisions before breakdown occurs (Sonnenblick, 
1940). 

Amongst the viable offspring treated male flies, 
number carry mutations. The great majority these are 
recessive and not produce any visible effect imme- 
diately, since they are heterozygous. Special measures have 
taken obtain individuals homozygous for such 
mutations. The simplest are those for detection mutations 
the X-chromosome, sex chromosome that present 
twice the female flies and once only the males. crosses 
and re-crosses heredity regular fashion from father 
daughter and mother son. Thus, males will 
zygous for genes the X-chromosome, and will manifest 
them. 

Treated male parents are mated females (Muller- 
1928), one whose X-chromosomes carries cross-over 
suppressor (C, actually inversion), recessive lethal (/) 
and dominant marker-gene (B, Bar-eye, which narrower 
than the normal round eye). Amongst the offspring, females 
with Bar-eye are chosen and mated individually with any 
suitable males, preferably with their X-chromosomes suitably 
marked with recessive genes. Any one these females 
will have treated X-chromosome from her father and 
from her mother. The chromosome 
will lethal male offspring carrying it, all male 
offspring females will carry only treated X-chromosomes 
from their grandfathers. Inspection these males will 
disclose genes having visible effect, though their detection 
will depend the skill and experience the observer. 
the other hand, recessive mutation lethal, the 
culture containing will marked complete lack 
male offspring. Such sex-linked lethals are produced 
radiations about ten times frequently visible mutations. 
They provide objective criterion for quantitative work, 
and have been widely used experimental studies 
mutation-rates. The recessive lethals, course, represent 
mutations large number different loci and the 
grouping together such heterogeneous group 
justified mainly the convenience their frequency. 

When viable recessive mutations are studied, the 
attached-X method may adopted. this case the treated 
male mated attached-X female, whose two X-chromo- 
somes are joined together and are segregated together 
gamete formation. Her eggs will two kinds, one with 
two X-chromosomes, and therefore female-producing, and 
the other without any X-chromosome. The latter, with 
X-bearing sperm from the irradiated father, will produce 
male which any visible mutation the treated X-chromo- 
some could detected. 

These techniques, and others like them, are simple but 
enormously laborious, since the mutation-rates involved are 
small even for fairly large doses rays. Nevertheless, 
many facts about the mutation process are well established. 
the first place the mutations induced radiations not 
differ qualitatively from those occurring spontaneously. 
both cases, too, the mutation-rate differs from one locus 
another and from one allelomorph another the same 
locus (Timoféeff-Ressovsky, 1932; 1933). can con- 
cluded that the genes differ among themselves stability, 
the less stable ones undergoing the more frequent mutation. 
important point note that the radiation cannot 
determine what particular mutation produced. Which gene 
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activated and what allelomorph finally formed matter 
chance. The former depends upon the chance the target, 
the gene, being hit, and the latter upon the innate charac- 
teristics the individual locus; particular, apparently, 
upon the relative stabilities the different allelomorphs 
1936). 

Further, given gene may changed the allelomorph 
and the latter being irradiated changed back 
Such back-mutations, demonstrated first Timoféeff- 
Ressovsky (1929, 1930), are important showing that what- 
ever change involved the conversion cannot 
loss that may not restored with relative ease. 

The quantitative relationship between the mutation-rate 
ind the radiation-dosage, -intensity, -wavelength, etc., has 
been determined satisfactorily only for the group recessive 
sex-linked lethals, though sufficient has been done with 
visible recessive mutations and with mutation other 
organisms suggest that the results are characteristic. 
First all, however, should mentioned that the natural 
mutation-rate Drosophila melanogaster (measured sex- 

inked lethals) increases with the age the tissue tested and 
with the temperature which kept. Further, differs 
‘rom stock stock and few cases may relatively high. 
Thus, Demerec (1937) found that the Florida stock gave 
ibout sex-linked lethals, the average all other 
stocks being about This found due 
recessive gene, located the second chromosome, which 
raised the general mutation-rate all the genes the 
organism. This behaviour contrasted with the case 
found Rhoades (1941) maize, where the gene in- 
creases the mutation rate only the gene a,. 

The mutation-rate induced rays found linearly 
proportional the dosage. The frequency sex-linked 
lethals induced Drosophila sperm about per 1,000 
(Schultz, 1936). This rate independent the wavelength 
the radiation throughout the gamma- and x-ray range 
the irradiation, i.e. independent intensity down 
the lowest tested (0-07 r/min.) and whether the dose 
fractionated given one exposure. Lastly, unaffected 
temperature and probably independent the natural 
mutation-rate the particular stock employed. Timoféeff- 
Ressovsky (1937) should consulted for full details. 

These facts indicate that the induced mutations must 
due quite direct manner single ionization excited 
sensitive volume which may the gene itself include 
the gene some part (Timoféeff-Ressovsky, Zimmer 
Delbriick, 1935). The ionization adds considerable energy 
the affected gene, and the excited molecule, rendered 
temporarily unstable, enabled slip from one relatively 
stable chemical state another. What the precise change 
may unknown, but any change the gene molecule 
may expected alter the properties the whole gene 
the physical principles involved given Schrédinger (1944). 
Probably not all changes provisionally classed gene- 
mutations are intramolecular, but the further consideration 
this matter must left until the grosser effects radia- 
tions the chromosomes have been described. 


Estimates the sizes and the number genes may 
from mutation data. The best estimates are probably 
those derived (Lea, 1940; cf. also Lea Catcheside, 1945) 
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from comparison the mutation-rates induced rays 
and neutrons. These two radiations differ considerably 
their relative efficiency producing sex-linked lethals, the 
ratio being about 1-6:1 for rays:neutrons for given dose 
measured terms ionizations (Zimmer 
Ressovsky, 1938). This leads estimated volume 
1,000 atoms, and there being about 1,860 genes the 
X-chromosome Drosophila, each capable giving X-linked 
recessive lethals. 


Induced Chromosome Aberrations 

The chromosomes body-cell pass through cycle 
division, mitosis, whereby two nuclei, each exact repro- 
duction the parent nucleus, are produced. Before pro- 
phase, i.e. the resting stage, each chromosome divides 
lengthwise into two chromatids, except the centromere, 
and during prophase each assumes condensed spiral form 
and becomes coated with nucleic acid. metaphase, each 
chromosome moves the spindle that the centromeres 
come to. lie the equatorial plane. anaphase, each 
centromere divides, the two halves each with their attached 
chromatid then moving opposite poles the spindle. 
new nucleus then organized telophase from each the 
two groups daughter chromosomes. 

Radiations affect the different stages various ways. 
lengthening the nuclear-division cycle may caused, 
especially heavier doses. further physiological effect, 
shown adhesion clumping the chromosomes, occurs 
cells already division the time irradiation 
(Marquardt, 1938; Koller, large doses, 
excessive clumping may prevent the completion mitosis. 
Nuclei resting, early prophase, stages the time 
irradiation, although delayed division, recover and show 
adhesive tendency when they reach metaphase. Instead, 
they may show structural changes. These are due the 
production breaks the chromosomes, which may 
followed the formation structural rearrangements 
resulting from the recombination the breakage-ends 
various ways. This subject has recently been reviewed 
(Catcheside, 1945) and space permits the description only 
some the manifold changes. The descriptions refer the 
appearance the affected chromosomes the metaphase 
the division-cycle which the changes are induced. 

Structural changes are two chromosome, where 
both the chromatids are similarly affected and chromatid, 
where only one the two chromatids affected given 
place. The former are normally produced irradiation 
during the resting stage, which time the chromosomes are 
simple undivided threads. The latter are produced treat- 
ment the early prophase, when the chromosomes are 
divided into two chromatids. flowering plants, the 
pollen-grains given anther and bud develop approximately 
synchronously. for example, 20° the 
division-cycle, including prolonged resting-stage, occupies 
about days, all the grains one anther reaching metaphase 
within period less than hours. The material thus 
convenient for radiation work providing group cells 
all approximately the same stage mitosis. Chromosome 
division occurs about hours before metaphase. change 
from chromatid chromosome structural changes shown 
metaphases observed respectively less than, and more than, 
hours after exposure pollen-grains radiations. 
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Other convenient material provided germinating 
pollen-grains artificial medium, and using the nuclear 
division that takes place the very thin pollen-tube, 
diameter. This especially valuable where soft, weakly- 
penetrating radiations must studied. 

Radiations produce breaks the chromosomes, and the 
breaks suffer various fates (Fig. large proportion, 
estimated undergo restitution, the two fragment- 
chromosomes rejoining the original way that 
permanent effect can seen (Sax, 1939 Lea Catcheside, 
1942). This restitution matter inference from intensity 
experiments mentioned later. further proportion 
breaks undergo reunion new ways. Thus, two breaks, 
one each two different chromosomes the same nucleus, 
would produce four fragments A,, A,, B,, Two them 
(A, and B,) have centromeres and two (A, and are without 
these bodies. Reunion new way produce interchanges 
could symmetrical, producing two new viable chromo- 
somes A,-B, and B,-A,, each with one centromere could 
asymmetrical, producing two defective chromosomes, 
one (A,-B,) having two centromeres and the other (A,-B,) 
having none. Similarly, two breaks within one chromosome 
could produce symmetrical changes (inversions, cf. Fig. 5)* 
defective (ring deficient rod) asymmetrical changes. 
The defective chromosomes are not permanently functional, 
since chromosome without centromere inert the 
spindle (Fig. while one with two centromeres there 
complete lack co-ordination the two kinetic 
bodies. The inertness leads loss parts chromosomes 
from the daughter nuclei and, this entails the loss vitai 
genes, the nuclei die. The non-co-ordination two centro- 
meres leads chromosome-bridges anaphase, and ulti- 
mately breakdown and death the cells. Causes this 
type are responsible for those dominant lethals, referred 
earlier, that are dependent upon two more hits. 

final proportion the original breaks neither restitute 
nor undergo reunion new ways, but instead remain open 
chromosome-breaks, the chromosome being present two 
fragments, one centric and the other acentric. some cases 
the pairs sister chromatid-ends may undergo sister-union 
(Fig. 4a) and other cases not. Where sister-union occurs 
the centric fragment, bridge would formed anaphase 
(Fig. 3a), leading ultimately cell-death. Single chromo- 
some-breaks, exhibiting sister-union, account for the major 
proportion dominant lethals, namely for those propor- 
tional frequency the first power the radiation-dose 
(Pontecorvo Muller, Lea Catcheside, 1945). 

Chromatid-breaks produce series analogous chromatid 
structural changes (simple chromatid-breaks are shown 
Fig. and chromatid-interchange Fig. 3c), some 
which are defective, leading death, and others which 
are fully functional and viable. general, functional 
nucleus must have full complement genes, and each 
chromosome must rod-shaped and have just one centro- 
mere. This not strictly true, since very small deficiencies 
(absences one few genes) may viable. Thus, 
proportion the recessive lethals induced Drosophila 
sperm are actually small deficiencies, disclosed 
examination the salivary-gland chromosomes 
(Slizynski, 1938). 

The yield persistent chromosome- and chromatid-breaks 


’ [Figs. 3-5 are on Plate II, facing p. 9.—Epb.] 
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linearly proportional dose the case rays (e.g. 
Sax, 1940; 1941; Thoday, 1942), neutrons (Giles, 1940 
Thoday, 1942), and alpha rays (Kotval Gray, unpublished). 
The yield also independent the radiation-intensity 


FIG. DIAGRAMS THE MODE PRODUCTION 
SOME CHROMOSOME STRUCTURAL CHANGES 


Chromosome Symmetrical Asymmetrical 
break interchange interchange 


Metaphase configuration; Anaphase configuration. 


(Sax, Catcheside, Lea Thoday, 1946). Therefore 
simple breaks are products single radiation-hits. 

The yields interchanges and other two-break aberration: 
produced rays diminish with increase the time 
which the irradiation spread, i.e., with decreasing intensity. 
These two-break aberrations also increase more rapidly than 
the first power the dose. high intensities, the yield: 
are practically proportional the square the dose; 
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lower intensities the power the dose lowered (Sax, 1941). 
square law also found the dose varied varying the 
intensity constant exposure-time. These facts are readily 
explicable the two breaks are produced separate ionizing 
particles. However, the effects may distorted restitution 
breaks, unless the irradiation completed short time 
the irradiation extends over the same time all doses. 
The data also may employed show (Lea Catcheside, 
1942) that the mean life original break Tradescantia 
chromosome about minutes 20°C. lower 
temperatures its life probably longer. 

With neutrons, the yield interchanges independent 
the time over which given dose spread, i.e., the intensity, 
suggesting that single ionizing particle usually causes both 
the breaks the neutron-induced interchanges (Giles, 1943). 
agreement with this inference the fact that the yield 
neutron-induced interchanges increases linear proportion 
dose (Giles, Thoday, 1942). 

rays ionize means electrons, the ionizations 
path being clusters spaced apart, except very near the end 
the path where the electron has lost most its energy. 
Neutrons ionize means protons, the ionizations the 
path forming dense column. For given dose, depending 
upon wavelength and the neutron-energy respectively, 
about ten twenty times many electrons protons would 
traverse nucleus. for this reason that, the low dosages 
normally employed, neutron-induced interchanges are pre- 
dominantly one-hit, while x-ray-induced interchanges are 
predominantly two-hit. 

Providing that x-ray doses are measured and 
neutron-doses units which represent approximately 
equal energy-dissipations tissue, the ratio the yields 
chromosome-aberrations for equal doses the two radiations 
may taken the ratio the efficiency per ionization 
the densely-ionizing particles (protons) 
experiments that the less-densely-ionizing particles 
(electrons) x-ray experiments. This ratio about 
for chromatid- and chromosome-breaks Tradescantia 
pollen-grains. 

The x-ray and neutron data taken together may used 
derive estimate the distance apart, the moment 
breakage, breaks which exchange. The order magnitude 
(Lea Catcheside, 1942) and this estimate agrees with 
those based other data (Lea, Catcheside, 1945). 

has already been seen that Tradescantia chromosome 
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can broken single ionizing particle. single ioniza- 
tion were the causative agent, the efficiency per unit dose 
should less for neutrons than for rays, since those 
ionizations excess the minimum needed break the 
chromosome would wasted. But neutrons are more 
efficient and this indicates that several ionizations are usually 
needed break chromosome. The probability chromo- 
some being broken when proton traverses fairly high, 
most likely between 0-5 and unity. the other hand the 
probability breakage electron rather low for all 
its path except the last densely-ionized quarter-micron 
(Lea Catcheside, 1942). has been estimated that 
ionizations represent the minimum amount energy 
which, dissipated chromosome, sufficient for the 
probability breakage approach unity. should 
emphasized that these numerical values refer Tradescantia 
chromosomes and that quite different values may 
characterize the chromosomes other organisms. 

From genetical point view, the use for therapeutic 
purposes neutrons and similar radiations with 
ionized paths instead gamma rays and rays, 
favoured, for the following reasons. given dose, 
neutrons are more efficient the production chromosome 
structural changes that will lead the death the cells and 
tissues, while they are less efficient the production gene- 
mutations which, produced gonads, could harmful 
future generations. 

Finally, reference should made ultra-violet radiations. 
These can cause excitation but not ionization, that is, they 
can introduce into genes chromosomes one time only 
small amount energy compared with that which may 
introduced rays. Ultra-violet radiations produce the 
usual range gene-mutations (Stadler Sprague, 1936 
Mackenzie Muller, 1940), the rate being directly propor- 
tional the dose. The shorter wavelengths, notably those 
between 2,500 and 3,000 approximately, are considerably 
more effective than slightly longer wavelengths. The ultra- 
violet also able produce chromosome-breaks, though 
with remarkably low efficiency (Swanson, 1942) however, 
there certain evidence that interchanges other two- 
break aberrations can produced. From genetic point 
view, the ultra-violet can extremely useful providing 
mutations free from chromosome structural changes, always 
provided course that the objects treated are small 
enough capable penetration the rays. 
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THE ACTION RADIATIONS 
VIRUSES AND BACTERIA 
LEA, M.A., Ph.D. 


Strangeways Research Laboratory, Cambridge 


The viruses are parasites bacteria, plants animals, 
characterized their small size and their inability multiply 


except the living cells the appropriate host. The 


larger viruses, such vaccinia, are probably correctly 
regarded single-celled organisms. The smallest viruses 
are nucleoproteins, capable being concentrated and 
purified the methods protein chemistry and some 
cases obtainable crystalline form. evidently not 
correct regard these small viruses cells. From 
biological standpoint they may thought naked 
genes (Muller, 1922). From chemical standpoint they are 
molecular weight 1-100 millions. 

Thus one may expect find analogies between the 
mechanism action radiations viruses (at any rate 
the case the smallest viruses), and chemical effects 
radiation, and shall therefore recall the outstanding 
conclusions the study the chemical effects 


Chemical Effects Radiation 


chemical substance irradiated the pure state 
rays alpha rays, the typical result that approximately 
one molecule decomposed for each ionization produced. 
appears that the ionization atom usually leads the 
decomposition the molecule which part, result 
which not unexpected view the fact that the energy 
involved ionization exceeds the binding energy atom 
molecule. This (approximate) result has been estab- 
lished for substances the solid, liquid, and gaseous states, 
and for substances ranging molecular weight from about 
about 20,000. There are some notable exceptions, 
but these are probably explained the basis, the 
one hand, recombination the products decom- 
position giving low or, the other hand, chain 
reactions giving enhanced yields. 

Many substances undergo chemical change when irradiated 
dilute aqueous solution. Among inorganic solutes, 
reducing agents are oxidized, and oxidizing agents are 
reduced, while organic solutes are usually eventually con- 
verted CO, and hydrogen. These reactions dilute 


* [This subject has been reviewed by Allsopp (1944) and by Lea (1946).] 
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aqueous solution take place with doses radiation much 
smaller than would necessary produce the same 
percentage chemical change the solute irradiated dry, 
and the number solute molecules reacting greatly exceeds 
the number solute molecules directly ionized the 
radiation. Evidently, the ionization the water able 
lead chemical change the solute, and believed 
(Weiss, 1944) that the explanation lies the production 


FIG. INACTIVATION VIRUSES AQUEOUS 
SUSPENSION RAYS 


10? 


104 


5 

Ordinates=inactivation dose rontgens. 

Tobacco mosaic virus (Lea, Smith, Holmes Markham, 1944). 
Shope rabbit papilloma virus (Friedewald Anderson, 1941). 


(Reproduced by permission of the Cambridge University Press) 


free atoms and radicals following the ionization 


the water. 
Inactivation Viruses 
Both the direct action radiation chemical change 
due ionization the molecule concerned) and the indirect 
action (i.e., chemical change the solute molecules due 


ionization the solvent) have been demonstrated studies 
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the inactivation viruses rays. Thus Fig. (Lea, 
Smith, Holmes Markham, 1944) shown that 
sufficiently concentrated solution the dose required in- 
activate given percentage virus independent the 
concentration the solution, indicating that such solutions 
the direct action predominant, but that sufficiently dilute 
solutions the dose required inactivate given percentage 
virus diminishes, showing that dilute solution the in- 
direct action predominates. 


Macromolecular Viruses 


The study the direct inactivation viruses has far 
results greater interest than the study the indirect 
action, and therefore confine our subsequent discussion 
the direct action. If, the basis the results chemical 
experiments already mentioned, are prepared accept 
that, the cases the macromolecular viruses, every virus 
particle ionized inactivated, are able use radiation 
experiments estimate the size the virus particle. 

Suppose that the dose which produces 
average one ionization per virus particle. Since 
corresponds the production approximately 10” 
ionizations per gram, réntgens corresponds the produc- 


tion ionization per grams. This, then, 


the mass the virus particle. 

principle, somewhat simplified. The ionizations produced 
irradiated material are not distributed spatially 
random, the above calculation has tacitly assumed, but 
are localized along the paths ionizing particles, des- 
cribed Gray*. ionizing particle passes through 
virus particle, usually more than one ionization will 
produced it, the actual number depending the 
diameter the virus and the ion-density the number 
ionizations produced per micron path) the ionizing particle. 
The ion-density greater alpha-ray experiments than 
x-ray experiments, and greater with rays than with 
rays. shall therefore expect that the inactivation 
doses will increase the order gamma rays, rays, alpha 
rays, since radiation which produces several ionizations 
one virus particle, when one would suffice inactivate it, 
inefficient. 

Table shows that the experimental results (Lea 
Salaman, 1946) confirm this expectation for bacteriophage. 
Similar results with plant viruses have been obtained 
Lea Smith (1942). 


TABLE INACTIVATION PHAGE 
(Phage diameter 


Gamma « Alpha 

rays ray rays 


From the experimental inactivation doses one can calculate 
the target diameter, i.e., estimate the diameter 
the virus based the hypothesis that ionization anywhere 
the virus particle will inactivate it. The agreement between 
the three estimates target diameter and their close approxi- 
mation the size the virus determined other methods 
(centrifugation and filtration) satisfactorily confirms this 
hypothesis, and incidentally establishes that this bacterio- 
phage one the macromolecular viruses. 


2 [See BMB 799, in this number.—Ep.] 
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Organism-type Viruses 

attempt apply the same type reasoning 
large virus, find that the estimates the target size 
deduced from experiments with the three radiations not 
agree, and are all much smaller than the true size the 
virus, shown Table (Lea Salaman, 1942). 


TABLE INACTIVATION VACCINIA VIRUS 
(Virus diameter 200 


Gamma x Alpha 

rays rays rays 
Inactivation dose millions réntgens 0-080 


evident that the hypothesis that ionization anywhere 
the virus particle leads inactivation incorrect. 
believed that single atom ionized can inactivate the virus, 
but must atom, not anywhere the virus, but 
certain radiosensitive constituents the virus, these con- 
stituents comprising only small fraction the total bulk 
the virus particle. This differentiation between radio- 
sensitive and radio-insensitive constituents suggests cell 
rather than macromolecule, and probable that the 
radiosensitive material identified with the genes. 
The fuller analysis the radiation data enables estimate 
the number genes made (Lea Salaman, 1942). 

are thus led regard vaccinia not naked gene, 
was appropriate for phage S-13, and the plant viruses, but 
single-celled organism with many genes. 

Shortly after this suggestion was made, electron micro- 
graphs were published (Green, Anderson Smadel, 1942), 
showing internal structures the particles vaccinia virus, 
and making difficult doubt that the particle vaccinia 
single-celled organism rather than macromolecule. 

appears from these examples that radiation experiments 
may value elucidating the nature viruses. Some 
recent experiments (Lea Salaman, 1946) 
phages somewhat larger than S-13 that these are 
very primitive organisms with only genes. 


Lethal Mutation Bacteria 


Effects radiation upon bacteria which have been investi- 
gated are, the production mutations (i.e., permanent 
changes form colour colony), the reduction 
motility, temporary inhibition division, and the 
action, the great majority investigations being concerned 
with the last-mentioned effect. 

What described lethal action these investigations 
the inability bacterium after irradiation give rise 
colony visible the naked eye when inoculated 
nutrient medium. There are, however, distinct differences 
between the bacterium radiation, and 
killing other agents, e.g., heat chemical disinfectants. 
Thus, after irradiation, the bacterium which rendered 
incapable giving rise colony may still motile 
(Bruynoghe Mund, 1935), may still capable res- 
piration (Bonét-Maury, Pérault Erichsen, 1944), and may, 
when cultured and examined microscopically, show some 
growth (Luria, 1939). view these facts, probable 
that one dealing with lethal mutation. 

The internal evidence the radiation experiments supports 
this interpretation. appears (Lea, 1940; Lea, Haines 
Bretscher, 1941) that single ionization able 
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must produced radiosensitive part which constitutes 
only small fraction the total bulk the bacterium, and 
which is, our interpretation, identified with the 
genes. 
Inhibition Division Bacteria 
lonization produced bacterium but not the genetical 
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QUANTITATIVE HISTOLOGICAL 
ANALYSIS RADIATION-EFFECTS 
HUMAN CARCINOMATA 
ALFRED GLUCKSMANN, M.D. 


Strangeways Research Laboratory, Cambridge 


Tumours apparently similar histological type and clinical 
extent different parts the body, even the same site, 
vary considerably their local response radiotherapy. 
Thus, good results are obtained cases carcinoma colli 
uteri, while almost complete failure attends the treatment 
carcinoma the oesophagus. carcinoma colli uteri, 
clinical stage' 60°, the cases are cured for least 
years, while 40°, the cases fail respond satisfactorily. 

Attempts discriminate between the radiocurable and 
the radioresistant cases means histological grading 
have led widely divergent results (Heyman, Reuterwall 
Benner, 1941 Coutard, 1934 Phillips, 1931). The most 
anaplastic types tumour tissue (Borak, 1932; Healy, 
1928), well the most differentiated types (Blady 
Chamberlain, 1944; Evans, Barnes Brown, 1942; 
Fricke Bowing, 1941; Regaud, 1928) have been found 
give the best radiotherapeutic results—a finding paralleled 
the clinical observation that the highly-differentiated 
keratinizing epitheliomata the skin and lip usually respond 
favourably radiation-treatment, and that lymphosarcomata 
and other growths composed mainly undifferentiated cells 
react dramatically radiotherapy, least locally. 

These examples, well the rather vague and general 
statements composing the 
tumours (Warren, 1941; Desjardins, 1938; Patterson, 
1936), illustrate the difficulties encountered 
analysis the factors determining the radiosensitivity 
individual growths groups tumours, and the likely 
response any particular type and dose radiation. 
1938): Stage 1 : The carcinoma is strictly confined to the cervix. Stage 2: The 
carcinoma infiltrates the parametrium on one or both sides, but does not extend 
to the pelvic wali. Stage 3: The carcinomatous infiltration of the parametrium 


extends to the pelvic wall on one or both sides. Stage 4: The carcinoma involves 
the parametrium up to the pelvic wall and the bladder. 


Although some general principles have been elucidated 
radiobiological research, their application the practice 
radiotherapy handicapped the heterogeneous collection 
nosological entities lumped under the term cancer 
(Ewing, 1941) and also the essential differences 
biological characters and reactions much the biological 
material chosen for experimentation and malignant cells 
and tissues. 

The study the local response various types neo- 
plastic diseases radiation can undertaken only 
investigating the actual response individual tumours 
treatment, i.e., examining serial biopsies taken before, 
during, and after treatment, and correlating the histo- 
logical with the subsequent clinical and pathological findings. 
useless, however, compare biopsies taken random 
with one another, since owing their localization the 
tumour, i.e., whether near the necrotic centre the well- 
vascularized growing edge, the specimens from the same 
tumour may vary the proportion old and young foci 
included. obtain comparable results serial biopsies 
individual case, sections should taken from the 
growing edge the tumour, and such specimens only the 
young areas should chosen for detailed examination 
the reaction the tumour-tissue treatment. Young foci 
alone contribute the further expansion the tumour 
they possess the greatest developmental potentialities any 
given malignant growth, and are best able react to, and 
recover from, the effects treatment. 

these precautions are taken, reliable and comparable 
young foci the tumour can obtained. 
series about surgical and pathological specimens 
various carcinomata, number small pieces tissue 
equivalent biopsy sections were taken from the growing 
edge, comparable young areas were selected each piece, 
and their cell-population was classified and counted. The 
average coefficient variation from the mean the various 
pieces for any given tumour was the order 10% 
(Glucksmann, 1946). Similar observations have been 
recorded for the histological grading various biopsies 
taken from the same tumour (Broders, 1940 Warren, 1931 
Patey Scarff, 1928). 

The cellular population tumours varies with tumour- 
type. most epithelial growths, classes cells can 
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distinguished according their viability. There are classes 
viable cells 

The resting cells, which are the intermitotic stock 
cells capable both division and differentiation (depending 
the tumour-type). They are relatively small, with large, 
often hyperchromatic, nucleus and with little and basophilic 
cytoplasm. 

The mitotic cells, i.e., stock cells actually division. 

There are also two classes non-viable cells 

The differentiating cells, which are cells rendered 
permanently incapable division the differentiation 
their cytoplasmic structures. Most these cells are large, 
with great amount differentiated cytoplasm and 
relatively small vesicular nucleus. 

The degenerating cells, which are the cells the 
process disintegration. Their structure changes according 
the form degeneration (fatty, mucoid, parakeratotic, 
etc.), and the cell-type from which they are derived. 

Very immature growths lack the 
Fig. depicts diagrammatically the main characteristics 
these four cell-categories and their relationship with each 
other, indicated the arrows. The cellular composition 
the foci influenced the i.e., the vessels, 
stroma and cells surrounding the tumour-strands, which 
promotes inhibits mitosis, differentiation and degeneration. 


FIG. DIAGRAMMATIC REPRESENTATION THE 
EPITHELIAL TUMOURS 


Resting cell 
Mitotic viable cells. 


Symbolizes the tumour-bed, i.e., the vessels, stroma and 
cells surrounding the tumour-strands. 


Young foci are formed finger-like projections from 
tumour-strands, and are characterized the presence 
many mitotic cells, the preponderance resting cells, and 
the dissolution the basement membrane the growing tip 
the projection. The comparison young foci serial 
biopsies best made quantitatively classifying and 
counting all the cells carefully selected young areas. The 


cell-counts are plotted percentages against time after 
beginning treatment, and thus chart obtained the 
response given tumour given type treatment 
(Glucksmann, 1941). 

Changes the cell-population young tumour-foci are 
the result direct and indirect effects radiation. The 
direct effects concern mainly resting and dividing cells. 
After transient mitotic inhibition, resting cells may break 
down attempting division, they may differentiate according 
their type and potentialities, they may disintegrate 
immediately after exposure. Enlargement resting cells 
often follows irradiation. 

After period mitotic inhibition, cell-division may 
resumed with varying degrees abnormality. sufficiently 
high dose radiation delivered high intensity may cause 
the immediate disintegration mitotic cells. The direct 
effects radiation thus cause diminution number 
resting and dividing cells and promote the ageing” 
cells and foci. Apart from some increase cell-size, the 
effect radiations cells the early stages differentia- 
tion has not yet been precisely determined. 

The indirect effects radiation are due the interference 
with the vascular and connective-tissue system the tumour, 
and the induction exacerbation inflammatory reac- 
tions. Insufficient blood-supply affects the process and the 
incidence cell-division, and may cause the disintegration 
cells. The inflammatory reaction leads the infiltration 
and the breaking tumour-strands round cells, 
followed the formation fibrotic scars. 

The aim radiotherapy malignant disease convert 
viable into non-viable cells, i.e., induce the breakdown 
dividing cells and prevent cell-division, cause the 
immediate disintegration resting cells, their permanent 
sterilization differentiation. The observed radiation- 
changes malignant growths vary according the tumour- 
type and the dose, dose-rate, and time-interval between 
given dose and the biopsy excision. Some types reaction 
young foci radiotherapy are illustrated Fig. 

Fig. represents the reaction-chart 
carcinoma the temple treated dose 3,200 
rays given days. Cell-counts made selected young 
foci serial biopsies show diminution and finally dis- 
appearance mitotic cells and initially slow and later 
rapid disintegration resting cells. Clinically the lesion 
responded well treatment and remains healed. This case 
illustrates the response undifferentiated tumour cells 
radiotherapy mitotic inhibition, degeneration mitotic 
cells, and the disintegration the aged resting cells. 
few the resting cells were apparently killed directly 
the radiation. 

The charts Fig. refer cases epithelioma 
(carcinoma) colli uteri, clinical stage treated radium 
technique. 

Fig. shows the reaction-chart favourably-responding 
tumour which was epithelioma with keratinized foci, 
Broders The malignant tissue reacts rapidly 
treatment, with marked increase number differentiating 


® Broders’s histological grading of malignancy is based on the degree and 
extent of cell de-differentiation. The least malignant, i.c., the most differentiated 
form, constitutes grade 1 and consists of 0°% to 25°% of de-differentiated cells. 
Grade 2 contains 25% to 50%, grade 3 50% to 75%, and grade 4 75°% to 100% of 
de-differentiated cells. 
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FIG. 

BASAL-CELLED CARCINOMA 
REACTION-CHART 
EPITHELIOMA 


FIG. 2-5. 
Graphs showing cell-counts young foci 
serial biopsies taken from the growing edge 
tumours before and during radiation 
treatment. 
Abscissae =time days. 
counts 


Viable cells 


cells. 

Mitotic cells. 

Non-viable cells 

degenerating cells. 


FIG. REACTION-CHART EPITHELIOMA 


FIG. REACTION-CHART EPITHELIOMA 
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cells which subsequently disintegrate. The mitotic and 
resting cells decrease number and disappear. Clinically, 
healing the lesion was noted after months and the patient 
has remained well and symptom-free for years. 

Fig. represents the reaction treatment another 
epithelioma the cervix uteri, clinical stage Broders 
grade The effect radium-insertions this case 
approximately equal that single insertion the case 
Fig. there some reduction the percentage 
viable cells and corresponding increase the percentage 
non-viable cells. This change does not, however, lead 
the complete disappearance viable cells, and the tumour 
tissue thus able recover from the radiation-effects. 
This chart indicates merely temporary inhibition growth 
the tumour-tissue. Clinically, the lesion appeared heal 
and there was evidence growth months after treat- 
ment. The tumour reappeared later the treated area and 
caused the death the patient months after the beginning 
treatment. 

Fig. illustrates the reaction treatment another 
epithelioma the cervix uteri, clinical stage Broders 
grade There are only minor fluctuations the cell-counts, 
and the chart indicates the persistence tumour-activity 
almost unchanged the type radiation-treatment given. 
Clinically, however, the lesion appeared healed after 
months. Three months later recurrence the tumour 
the treated area was diagnosed, and the patient died 
months later with growth the treated area and with 
extensions. 

these illustrative cases carcinoma colli uteri 
after treatment although the cases the histological- 
reaction chart (Fig. indicated the persistence active 
tumour growth. both these cases the tumour recurred 
subsequently. series 150 cases carcinoma colli 
uteri, cases reported clinically satisfactory during the 
first months after treatment developed recurrence 
during the succeeding months each case the reaction- 
chart, obtained within weeks beginning treatment, 
indicated the persistence tumour-activity (Glucksmann 
Spear, 1945). 

The histological findings based quantitative analysis 
the cell population young foci serial biopsies seem 
give reliable and early indication the likely outcome 
radiotherapy individual cases, whereas clinical healing 
useful criterion the evaluation therapeutic results 
only persists for the conventional period years. 
Practically all tumours shrink some extent under treatment 
—presumably owing mainly the damage inflicted parts 
the vascular system supplying the growth and its 
sequelae—and this shrinkage allows the restoration the 
normal anatomical configurations spite the persistence 
active, microscopic tumour-foci. Decrease tumour- 
volume itself real measure the efficiency therapy. 
with surgery, radiation-treatment cancers aims the 
complete elimination sterilization viable tumour-cells, 
and 90% success therapy ultimately failure. The 
histological-reaction charts (Fig. are measures 
tumour-activity, and bear relation the actual size the 
tumour the time the biopsy-excision. 

The persistence active microscopic tumour-foci 
apparently restored sites the reason why, shortly after 
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treatment, the histological findings may variance with 
the results clinical examinations. Agreement becomes, 
however, closer with the lapse time. For example, the 
series 150 cases referred (Glucksmann Spear, 1945). 
there was agreement between histological and clinical findings 
only the cases after 4months and the cases 
years after treatment. 

Apart from showing within weeks beginning treatment 
whether not the aim therapy being realized, the 
histological analysis gives some useful information about the 
way which the therapeutic results are obtained. cases 
like that Fig. the successful treatment due particular 
the mitotic effect radiation, mitotic inhibition 
and disintegration dividing this prevents the 
further formation resting cells which consequently age and. 
having reached the limits their short span life, die. 
Some resting cells are also killed immediately the radiation 
and others fall victims unfavourable conditions the 
tumour-bed induced radiation. 

epitheliomata like that Fig. the mitotic and 
vascular effect radiation supplemented the differen- 
tiation effect, i.e., resting cells are forced (either directly 
secondarily mitotic inhibition) into differentiation, and 
are thus sterilized. This observation suggests that the 
capacity for differentiation resting malignant cells and its 
stimulation radiation may one the factors the 

indication the capacity for differentiation the 
tumour-tissue—though not its reaction radiation—may 
gained from the presence absence differentiated foci 
the pre-radiation biopsy the tumour. Histological 
classification degree differentiation such specimens 
shows that, clinical conditions and treatment-methods being 
equal, the results radiotherapy tend more satisfactory 
the cases with more-differentiated tumour-tissue (Glucks- 
mann Spear, physical factors radiation, 
such time, dose, dose-rate and type ray, which are most 
likely elicit differentiation cells with such potencies, are 
yet known and understood. appears feasible that 
favourable results may obtained with changes technique 
those groups tumours which far have proved 
refractory treatment. 

There are various limitations the application the 
quantitative histological method analysis radiation- 
effects individual cases malignant disease. Thus, 
conclusions about favourable response treatment must 
limited the reaction the growth the treated area, 
presupposing that the radiation-energy was fairly uniformly 
distributed this area. spite cures the treated area, 
the clinical issue may, course, compromised the 
presence untreated metastases, even fatal haemorr- 
hages due radiation-damage inflicted the vascular 
apparatus. Certain types cancer are systemic diseases 


with local manifestations, and obviously the cure one 


these manifestations cannot prevent the formation new 
ones which may even arise neighbouring precancerous 
lesions. 


Conclusions 


the quantitative histological examination 
serial biopsies human tumours provides useful guide 
the evaluation the therapeutic result individual cases. 
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research method, facilitates the analysis the radio- 
individual growth, makes possible the 
study the factors influencing the response given tumour 
given type treatment, and provides basis for the 
understanding radiation-effects tumour-tissue 
different types and for the better knowledge the natural 
history The combination such 
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THE MEASUREMENT RADIATION 


Department, Mount Vernon Hospital 
and The Radium Institute, Northwood, 


INTRODUCTION 

comprehensive discussion the whole the vast field 
which might implied the above title clearly out 
the question here, the present remarks will arbitrarily 
confined the subject ionizing radiation, around which 
most interest centred the present context, leaving aside 
entirely the question ultra-violet, infra-red, and short 
wave radiations, which are less importance biology 
and therapy. 

ionizing radiations mean those types radiation 
which their interaction with matter are able, virtue 
their high intrinsic energy, actually disrupt the individual 
atoms molecules the splitting-off electron. The 
electron thus set free quickly attaches itself some other 
molecule, and so, dispersed among the normal electrically- 
neutral molecules, there appear positively- and negatively- 
charged molecules clusters known ions, which may 
exist independently the medium for considerable lengths 
time, and endow with the property electrical con- 
ductivity. 

left themselves, the ions will gradually neutralize each 
other, but the exact status quo may not restored, for 
obviously the chance that various types atomic and mole- 
cular rearrangement, i.e. chemical change, will occur 
considerable. believed that such changes caused 
ionization are the more immediate causes the biological 
produced. the other hand, the application 
sufficiently large electric field, may possible, gas 
any rate, continuously remove the ions the two elec- 
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knowledge with relevant data contributed 
biological research the necessary requirement for progress 
the radiotherapy neoplastic diseases. Ewing (1940) has 
pointed out that there little significance discussing 
curability cancer whole. The discussion has real 
meaning only when the different types cancer are con- 
sidered separately nosological 
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trodes almost fast they are produced the ionizing 
radiation, before any appreciable recombination can take 
place. The electric current such circumstances called 
the and, most cases arising 
practice, very minute. 

Examples ionizing radiations are the electromagnetic 
type rays, and the gamma rays from radioactive 
substances, the swift electrons cathode rays and the beta 
rays from radioactive substances, protons, alpha particles, 
etc., and neutrons, all which have similar ultimate mode 
action biology. 

The necessity for some system measurement radiation 
biological and therapeutic studies need hardly 
emphasized, but practice has proved exacting pursuit, 
aptly illustrating Kelvin’s historical remark that pheno- 
menon can understood till can measured and 
expressed numerical terms. The difficulties lie deciding 
on, and realizing practically, suitable measure 
radiation, and arise partly from that common feature 
the radiations which most obvious, namely, their power 
penetrating matter, and partly from the very small amounts 
energy involved. For example, the total amount energy 
communicated the tissues typical complete therapeutic 
treatment would suffice only augment the temperature 
the mass about one hundredth degree Centigrade. 

keep our discussion reasonable length, will 
necessary confine ourselves what far the most 
important method this branch radiation 
the ionization method, and concentrate the principles 
involved, omitting detailed descriptions techniques. 
adequate historical account, considerable interest would 
attach the photographic method but 
here, merely remark passing that has been developed 
precision technique only certain rather restricted 
fields, though remains very useful and often simpler 
alternative the ionization method when high accuracy 
unnecessary—for example, the recording stray radiation 


*Some of the earliest dosimetry was done by finding the time required to 
photograph a hand ! 
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questions staff protection. Other methods, such 
chemical methods, change colour fluorescence salts, 
selenium cells, etc., proved unsatisfactory and are historical 
interest only. 

Again, comparative studies have been made using some 
standard biological test-material, for example, Drosophila 
eggs, but clear that far greater importance attaches 
the more fundamental problem relating biological effects 
the radiation producing them, evaluated precise physical 
terms. The radiations hitherto most commonly met with are 
rays and the gamma rays radium, and they will 
necessity occupy most our attention. 


AND GAMMA RADIATION 
Quantum Character and Interaction with Matter 

These radiations are different examples essentially the 
same type radiation, and may not out place 
state briefly some the most relating 
their interaction with matter. The radiation electro- 
magnetic character, propagated with the speed light. 
For our purpose best concentrate the quantum 
character the radiation, that is, the energy the beam 
radiation concentrated discrete units rather like hail 
bullets, the amount per unit being given Einstein’s 
equation 

and are the frequency, wavelength and velocity the 
radiation, the latter also being universal constant. These 
quanta photons interact with matter several different 
ways 

merely from its course without loss energy 
individual electron, that unidirectional beam becomes 
diffuse. Unmodified scattering not great importance 
our present considerations. 

collides with individual electron, projecting one 
direction while itself rebounding another (and related) 
direction, with reduced energy (and therefore longer wave- 
length) depending the direction taken. The detailed 
theory the fractions the energy incident beam 
quanta imparted the recoiling electrons and scattered 
quanta and their angular distribution has been given Klein 
and Nishina, and very good agreement with experiment. 
The phenomenon only slightly affected the atomic 
number the substance. 

absorption. quantum absorbed com- 
pletely the atom whole. Nearly all the energy? 
expended extracting electron from the atom and endow- 
ing with kinetic energy. The phenomenon practically 
completely described theoretical and empirical relations. 
The fraction energy the incident beam converted, 
reckoned per electron, approximately proportional the 
cube the atomic number, i.e. the effect much more 
from certain well-understood discontinuities, the energy con- 
version varies roughly the cube the wavelength the 
radiation, i.e. becomes less important for higher quantum 
energies. 


* A very small fraction is expended in atomic recoil. 
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iv. Various nuclear effects. Production electron and 
positron pairs and nuclear disintegrations becomes impor- 
tance only for quanta highenergy. These effects are prac- 
tically negligible even for radium gamma rays. They vary 
with the atomic number the nucleus. 

These processes all contribute removal quanta from 
the fraction the energy removed termed 
absorption coefficient, and may reckoned per electron, 
per unit mass, per unit volume the material.* Some 
the energy imparted fast electrons, the so-called 
corpuscular these swift secondary electrons 
which actually ionize and excite the atoms and molecules 
the medium. 

The Concept Quality 

The quality beam radiation refers its intrinsic 
characteristics such wavelength, quantum energy. 
may investigated exactly spectrographic methods 
(crystal diffraction) measurements the energy the 
secondary electrons produced matter. quick practical 
method, particularly useful for approximate results with 
heterogeneous beams, measure the absorption 
attenuation the radiation some suitable standard sub- 
stance, from which average effective wavelength the 
radiation may estimated. Thus usual quote the 
half-value layer (HVL) given beam 
aluminium, copper, i.e., the thickness material required 
reduce the intensity (dose-rate, see below) one half. 

suitable developments these principles, possible 
some cases form estimate the effective wavelength 
the diffuse radiation produced during the passage 
beam through matter. Thus the measurement quality 
achieved the application familiar physical ideas and 
need not dealt with here detail. may mentioned 
passing that the particular aspect quality greatest 
biological significance the spacing the ions along the 
tracks the ionizing particles, the density”. the 
energy the ionizing particle becomes less, the shorter the 
interval between successive ions. 


The Concept Quantity Dose 

break new ground. Normally, radiation 
expressed terms intensity, defined quantity 
energy flowing through unit area the beam per unit time, 
but any arbitrary measure related this, 
however indirectly, would serve. Obviously, desirable 
choose measure that physical quantity which stands 
the closest relationship the biological effects produced 
the radiation. making shrewd choice this matter, 
the interrelation physical cause and biological effect will 
not obscured long chain essentially irrelevant 
intermediate processes. 

There general agreement that the key quantity the 
ionization produced the biological substance. With 
few exceptions, however, has for technical reasons proved 
quite impracticable measure the actual ionization solid 
liquid, but quantity which almost acceptable 
ionization, measure the radiation, the energy 
communicated the medium. The reason for this that 
the proportion this energy which goes the production 


’ The absorption coefficients of any on2 atomic type are practically independent 
of its state cf chemical combination. 
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ionization probably independent the quality the 
radiation—this certainly almost exactly true for 
and thus the ionization known apart from constant 
proportionality characteristic the medium.’ actual 
fact, however, the direct measurement the energy com- 
municated the medium also well-nigh impossible because 
the minute amount required even for the most extreme 
biological effects. shall see later how possible 
derive this energy from other measurements. 


The Réntgen 


With these general ideas mind, easy see why, 
actual historical fact, the ionization produced air came 
expediency account the relatively simple technical 
problems, and partly because was realized that, account 
the general similarity the atomic types air and tissue, 
the energy conversion and gamma radiation these 
two media would roughly parallel for all 

Thus Villard 1908 first suggested unit based air- 
ionization that quantity radiation which, ionization, 
liberates one electrostatic unit electricity per cubic centi- 
metre air under normal conditions temperature and 
pressure. Much work remained done, however, before 
Satisfactory realization the idea underlying this proposal 
was possible. Much the difficulty lay the phenomenon 
the wall effect the ionization chamber. The radia- 
tion causes the emission secondary electrons from the 
walls the chamber, that the observed ionization the 
air the chamber, instead depending uniquely the 
radiation itself, determined complex set factors such 
the nature the walls and the size the chamber. The 
surmounting these difficulties and the development the 
theory the ionization chamber will referred later. 

The necessity for general agreement satisfactory unit 
became ever more pressing, and 1923 the first steps were 
taken the British and Physical Societies. 
Discussions followed with the first international congress 
radiology 1925, and finally matured the second inter- 
national congress 1928. The unit x-ray quantity, 
dose, called the réntgen (symbol, was defined the 
quantity radiation which, when the secondary electrons 
are fully utilized, and the wall effect the chamber avoided, 
produces cc. atmospheric air and 760 mm. 
mercury pressure, such degree conductivity that one 
electrostatic unit charge measured saturation current.” 


The Free-air Chamber 


order make measurements accordance with this 
definition, rather special technique necessary, namely, 
the use the chamber. narrow beam 
radiation, accurately detined diaphragm, passed 
through large chamber air and out through hole the 
far end, completely avoiding the walls. uniform electric 


' About half the energy goes to the production of ionization, the rest being 
expended in excitation. 

* In one of the very few investigations of a liquid, in this case carbon disulphide, 
Taylor has shown that the proportion of energy expended in ionization is not 
greatly different from that expended for air. 


6 If the average atomic numbers of two media are fairly close, then the relative 
importance of any one type of energy-conversion process (Compton, photo- 
electric, etc.) will be similar in the two media, and so the variation of the gross 
energy conversion with quality will be similar for the two media. 
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tield between two parallel plates either side the beam 
collects the ions fast they are formed. measurement 
made the current nall separately-insulated section 
near the middle one plate. The length this section and 
the cross-sectional area the beam define effective 
volume air, the ionization current per cubic 
centimetre air may deduced—that is, the dose-rate 
per 

The details such measurement call for very careful 
attention, but intercomparison the various national 
standards 1931 showed that there was agreement within 
1o 

Parallel with these developments was the gradual emergence 
the small ionization chamber, the so-called thimble 
chamber, the theory which will referred below. The 
free-air chamber clearly special laboratory-instrument 
and, further, inapplicable the measurement the diffuse 
radiation produced when beam enters matter. was 
realized that the difficulty the wall-effect thimble 
chamber would not arise the material the walls them- 
selves behaved like air its interaction with the radiation. 
was hoped that chamber with walls, the effective atomic 
number which, relation the photo-electric process, 
was the same that air, would give readings exactly 
paralleling those the free-air chamber for any quality, 
i.e. that would wavelength Unfortu- 
nately this not strictly borne out practice, the precise 
reasons for the discrepancy still not being fully understood. 

However, suitable choice such factors the materials 
the wall and the central electrode, the wall-thickness and 
chamber-size, has proved possible produce empirically 
chambers having sufficiently close response that the 
free-air chamber, and the chambers can calibrated 
read directly The precise quality the very 
heterogeneous radiation within given medium not 
general calculable, even easily measurable, and 
great practical importance that the thimble chamber 
used should not require appreciable quality- 
correction. clearly also importance that the chamber 
should small possible order define closely the 
precise location the measurement, and that should 
sufficiently transparent the radiation not produce 
appreciable 


Dosemeters 

Thimble chamber dosemeters may used the direct 
measurement dose-rate dose. the first case, the 
actual ionization current determined the 
voltage-drop across high resistance. the second case, 
the ionization current allowed charge condenser, 
the final voltage which measure the total dose. 
either case, sensitive voltmeter the electrometer type 
likely required. insulations must very high 
standards, for the currents dealt with are very small, for 
example, the relatively high dose-rate réntgen per second 
produces chamber cm.* volume current only 
one three-thousandth microampére. some instru- 
ments, the ionization chamber, electrometer system, and 
recording mechanism are permanently connected, often with 
the cross section the beam the defining diaphragm used the 


calculation of the ionized volume, then the dose-rate so deduced refers to the 
strength of the beam at the diaphragm. 


a 
u 
sir 
rat 


BRITISH 


long cables, that readings may taken relatively long 
distances from the point measurement. 

the condenser-dosemeter, the ionization chamber 
entirely separate from the electrometer and measuring 
devices during exposure the radiation. The ionization 
current serves partially discharge the originally fully- 
charged capacity formed the chamber itself, and any 
added condenser. The charge lost thus measure the 
dose. This type chamber particularly suitable for direct 
use body-cavities during therapeutic treatment. Very 
compact units have been developed, with small ionized 
volume and large electrical capacity, that large doses can 
measured. Chambers are now being used inside needle- 
like sheaths which can actually inserted into the tissues, 
during treatment. Condenser-chambers have the advantage 
that several may used simultaneously, that extended 
field radiation may rapidly surveyed. Another par- 
ticularly suitable application the so-called protection 
chamber for recording the dose received workers owing 
small amounts stray radiation. 


The Measurement Gamma Rays 


turn again the more theoretical side radiation 
measurement, the desire measure gamma radiation 
has resulted great advances the understanding 
the ionization chamber and the energy-exchange be- 
tween radiation and matter generally. Special interest 
attached the problem the gamma radiation from radium, 
particular the dose-rate produced mg. radium 
when filtered 0-5 mm. platinum (to cut out the 
primary beta radiation)—the so-called specific gamma-ray 
dose-rate radium. 

early 1931, Mayneord estimated this quantity from 
the known energy-output the radium gamma radiation 
(obtained calorimetric measurements Ellisand Wooster), 
and from the known absorption coefficient air, 8-7 
r/hour, and measurement with chamber 
calibrated comparison with x-ray dosemeter gave 
r/hour, reasonable agreement. Mayneord, 1933, 
further estimated this quantity from Eve’s 
r/hour. But the same time attempts measure the 
specific gamma-ray dose-rate directly with air” 
chambers led values only about one-third the above, 
that there was considerable fear that the expression 
gamma-ray quantity was without meaning. 

This disharmony was resolved Kaye Binks 1937, 
who showed conclusively that account the large range 
air the secondary electrons produced the gamma 
radiation, the dimensions the free-air chamber need 
very much greater than the case radiation, 
for the equilibrium intensity the secondary electrons 
reached, and for their energy fully utilized 
producing ionization. The current obtained from the free- 
chamber with gamma radiation longer originates 
the simple ionized the case rays but, 
provided the dimensions are large enough, geometrical 
argument shows that full compensation exists and the same 
simple calculation valid. Kaye Binks found value 


approximately 8-0 r/hour for the specific gamma-ray dose- 
rate radium. 


_ 3 Eve’s constant is the number of ion pairs per second per unit volume produced 
in air at | cm. from the quantity of radium C in equilibrium with 1 g. of radium. 
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Friedrich provided further confirmation 1938 
measuring the ionization small thin-walled chamber 
suspended air the centre large hall, that was 
influenced solely the (in equilibrium) 
produced the air. this way, value 7-8 r/hour was 
found for the constant. Lastly, Taylor Singer 1940 
made very precise measurements chamber 
operated ten atmospheres’ pressure, order reduce 
the size, and obtained the figure 8-16 r/hour. All doubts 
the legitimacy measuring gamma rays réntgens have 
thus been finally dispelled. 


True Energy-Absorption and the Theory the 
Thimble Chamber 

greater fundamental physical importance, however, 
was the work the thimble chamber method measure- 
ment, referred several times above. The essence this 
idea was provided Bragg, re-discovered 
Fricke Glasser 1925, and again independently Gray 
1929. Innumerable other workers have made contributions 
various kinds, but was only after Gray’s detailed treat- 
ment that adequate insight into the problem was attained, 
and the idea radiation-dose advanced stage further than 
the unit. 

must bornein mind that the solely measure 
exposure radiation—it merely describes what the beam 
radiation will air, and not what will any other 
medium, although gives good approximate guide the 
latter the case light elements, such occur, for 
tissue. Furthermore, the energy absorption medium 
other than air cannot general calculated from the 
dose correcting with the ratio the absorption 
energy conversion coefficients the medium and air, 
because normally the quality the radiation, which these 
coefficients depend, unknown. 

Gray’s theory removes this element vagueness, for 
enables the actual energy communicated any medium 
deduced from the ionization produced 
small gas-filled cavity that medium. the energy 
communicated the medium per unit volume, the ioniza- 
tion per unit volume the gas-filled cavity, and the ratio 
the rates which secondary particle loses energy the 
medium and the gas the cavity, and the average 
energy expended the secondary particles producing 
ion pair the gas the cavity then 

E=p.W.J. 

The detailed derivation and exposition this 
called Gray the principle must 
sought the original publication. There are certain restric- 
(i) the fraction their energy lost the secondary 
particles crossing the cavity must negligible’; (ii) the 
cavity must surrounded all sides thickness the 
medium least equal the maximum range the secondary 
particles (iii) the strength the beam radiation must 
sensibly uniform over the 


° Restriction (i) is unnecessary if the gas in the cavity is of the same constitution 
as the walls. 

10 Strictly, it must be sensibly uniform throughout all that part of the medium 
from which secondary particles can reach the cavity. One particular application 
of the theory is to determine the specific gamma-ray dose-rate of radium by 
measurements with a ‘‘ thimble’ chamber. For a chamber-wall of light elements. 
for example, graphite, the energy-conversion of this quality of radiation is the 
same (per electron) as for air. Thus, by correcting the observed ionization in the 
chamber, according to the quantity p (which is known), the ionization in a true 
“air wall” chamber is deduced. The specific gamma-ray dose-rate of radium 
determined in this way is very close to 8.4 r/hour. 


some cases, particularly the ordinary x-ray region, 
the behaviour small chambers appears 
deviate from the foregoing analysis. general grounds, 
may presumed that the conditions attaching the 
principle equivalence have not been fulfilled these cases. 
Although the deviations are not usually large, and the use 
such chambers can avoided practice, yet the effects are 
considerable intrinsic interest and have received much 
attention. 


The Re-definition the and the Extrapolation 
Chamber 

With the development the work the measurement 
gamma radiation, the need was increasingly felt for 
re-wording the definition the rontgen. One reason was 
the desirability admitting the chamber, 
previously excluded the clause about avoiding wall-effect, 
valid device for measuring but more impor- 
tant was the practical necessity disentangle the funda- 
mental dose-unit from the complexities surrounding the 
actual ionization air certain conditions. 

For example, because the relatively long range the 
secondary electrons produced gamma radiation, the 
ionization any point may not bear any simple relation 
the strength the radiation-beam there, the energy 
actually communicated the medium given point may 
not come from energy-conversion the radiation this 
point, but from various points, depending the geometry 
the environment. Normally, complete compensation 
exists, and the energy converted equal the energy com- 
municated the medium the same place, but this will not 
strictly obtain (i) the strength the radiation varies 
appreciably over distance comparable the maximum 
range secondary particles reaching the point (ii) the 
region boundary between two different media. The 
question such cases, therefore, whether energy 
the measure dose. From the point view biological 
effect, the latter quantity the important one, while the 
former is, logically speaking, irrelevant, but far simpler 
deal with practice, and was adopted the fifth 
international congress radiology 1937. 

radiation such that the associated corpuscular emission per 
0-001293 gramme produces, air, ions carrying 
electrostatic unit quantity electricity either sign.” 

This effectively the same the 1928 definition with 
certain ambiguities removed. 

detailed consideration the biological effects 
radiation the borderline cases referred above, 
necessary bridge the gap between knowledge the 
energy conversion air and the energy actually communicated 
the medium. For this purpose very thin-walled chamber 
used, the ionization which gives indication the 
secondary particles (the corpuscular effective 
the The extrapolation chamber introduced 
Failla this type. The procedure take observations 


11 0001293 g. of air is the mass of 1 cm.’ of air at OY C. and: 760 mm. of mercury 
pressure. 

!2 Note that such a chamber gives an indication of the effect of the secondary 
particles on air (which is normally used in the chamber) and not on the medium. 
To investigate the latter, it would be necessary to fill the chamber with a gas 
whose effective atomic number was the same as that of the medium, and to know 
the energy required to produce a pair of ions in the gas. Alternatively, the energy 
absorption in the medium could be fairly closely calculated from that in air if 
the composition of the former is known. 
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with gradually decreased spacing between the walls the 
chamber, and extrapolate the results obtain the value for 
chamber negligible width. With the very high-energy 
rays that can now produced the betatron, studies 
this kind, particularly for surface-effects (i.e., the skin 
the patient), will become increasingly important. 


NEUTRONS 


The consideration the measurement neutron radiation 
follows naturally from that and gamma radiation, for 
neutron radiation also produces ionization indirect 
means, namely, through the agency secondary particles. 

neutron material particle mass approximately 
unity the atomic scale, that is, its mass very similar 
the mass the nucleus the hydrogen atom, the proton. 
But, whereas the proton has positive unit elementary charge, 
the neutron has charge all, and so, unlike radiations 
consisting charged particles, unable drag electrons 
out the atoms near which passes. Thus loses practically 
energy ionization, and will penetrate very much greater 
thicknesses matter than, say, proton similar energy. 

The interaction the neutron almost entirely with 
the nuclei the atoms, and the commonest process 
simple collision which deflects the neutron with reduced 
energy, and causes the nucleus recoil with the balance 
the original energy. The average energy-transfer collision 
greatest when the neutron and the nucleus have equal 
masses, and becomes progressively less the mass the 
recoiling nucleus increases. The energy-transfer greatest 
hydrogen, when the neutron-energy the average 
reduced about each collision. 

addition these scattering collisions, neutron may 
captured nucleus and provoke nuclear disintegrations 
various kinds, sometimes resulting the production 
artificial The relative probability such 
processes generally small, however, until the neutron has 
been made very slow repeated collisions. the case 
biological material, these nuclear disintegrations may usually 
ignored considering the energy communicated the 
passing that the induced radioactivity produced suitable 
substances help making relative measurements the 
neutron beam, and discriminating be- 
tween neutrons different energy. 

immediate extension the definition the 
include neutron radiation would not very suitable for 
use biology and therapy because, pointed out above, 
the energy-conversion the neutrons varies rapidly with the 
atomic type, even for light elements, contrast the 
energy-conversion gamma radiation. other words, 
air longer satisfactory approximation tissue (which 
contains much hydrogen the form water and various 
organic compounds). For example, Gray Read have 
calculated that when soft tissues are irradiated fast 
neutrons, about 92°% the energy converted goes the 
recoil protons, the recoil oxygen nuclei, the 
recoil carbon nuclei, and other effects, and that 
average tissue would absorb seven times much energy 
air for neutrons particular energy about million 
electron volts. 

For reasons such these, Gray Read have proposed 
that energy-absorption water should replace that air for 
the purpose neutron dosimetry. The unit dose then 
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that quantity neutron radiation which communicates 
unit volume water the same energy that communicated 
one gamma radiation (that is, about ergs). 
For the actual measurement energy-absorption 
given medium, use may made Gray’s Principle 
Equivalence. hydrogenous material, the corpuscular 
The application the method has been treated detail 
Gray. relative measure exposure that has been widely 
used practice the ionization produced the neutron 
beam the Victoreen type x-ray thimble chamber 
dosemeter. This arbitrary unit known the unit. 


IV. CHARGED-PARTICLE RADIATIONS 

All charged-particle radiations may considered together, 
for they have this common, that virtue their charge 
they ionize directly, and qualitatively similar manner. 
Such radiations include electrons (beta particles), and the 
whole range swiftly moving atomic nuclei, best-known 
which are the helium nuclei alpha particles, emitted 
natural radioactive substances. these, electrons are 
practically the only kind radiation used external 
beam, and even these not widely. But with the development 
the betatron for producing very intense beams high- 
energy electrons, the therapeutic applications may well 
extended. 

Since and gamma radiations produce their effects via 
the intermediary secondary electrons, clear that the 
unit may legitimately used for expressing dose 
the case primary beam electrons. measurement 
the ionization per unit volume air gives the dose directly 
This concept also satisfactory for any other 
directly-ionizing radiation. The ionization thimble 
chamber now independent the nature the walls, 
provided the primary radiation not appreciably attenuated 


1s The true energy-absorption for a medium of specified atomic make-up could 
be calculated from this réntgen dose. 
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the medium. view the heterogeneous nature 
perhaps well base the comparison energy- 
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tegrating atom, and the total mass through which the material 
dispersed, from which deduced the energy liberated per 
unit mass the medium, which divided 85. 
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TOTAL ENERGY-ABSORPTION 
RADIOTHERAPY 


FRANK ELLIS, M.D., 
Radiotherapy Department, London 


The dose radiation absorbed point affecting individual 
structures, such chromosomes, determines the local effect 
these structures, and the effect which desired the 
radiotherapist the neighbourhood the malignant 
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any size the energy absorbed any point the beam 
would the same, the same depth, for the saturated 
pencil. Thus, assuming that all the scattered radiation 
absorbed and that none escapes from the body, the volume- 
dose estimated the product the area the field 
the skin, the dosage (corrected allow for the 
the field) and graph-reading. The 
graph (Fig. obtained integrating the area under the 
depth-dose curve for the saturated axial pencil 
large field. The correction for unsaturation the ratio 
the dosage-rate with maximum scatter the measured axial 
skin-dose the field concerned. 

have the following factors (200 kV, constant potential 


TABLE 


No. of 
tadiation 


Type ot 
techniqu 


Type of 


radiation Filte 


rays 
cautery 


Contact 
therapy 


Unfiltered 
Tube only 


rays 


Tube only 
0-2 mm. equiv. 


mm. 


rays Deep 
therapy 


mm. 


rays 


Super 
voltage 


Gramme- 
rontgens 
to 10% 

contour 


Focal Diameter 


distance 


Mean 


Ergs/cm.?/r 


96,560 


unit 


5-gramme 
unit 


y rays 


14,594 


51,587 


[From Mayneord (1940)] 


tumour. enhance this effect variations quality, 
dose, dosage-rate, fractionation, and total time, one the 
chief aims the radiotherapist. the same time, however, 
general effects are produced the radiation and manifest 
themselves organs which have not been irradiated. These 
effects are troublesome and difficult avoid and, 
attempting correlate them with dose, perceived the 
necessity for estimates the total energy-absorption the 
body. therefore asked Dr. Happey investigate the 
was also engaged similar investigation different lines, 
and had coined the terms and mega- 
The latter more convenient unit 
and more euphonious term, and preferred the 
term cubic centimetre”. intended this 
short paper discuss briefly the physical approaches, 
attempts correlation with biological effects, and then the 
practical value the conception volume-dose. 


Physical Estimates 
Happey (1940, 1941) points out that the energy absorbed 
the axial pencil very large field maximal because the 


proportion scatter maximal. the radiation scattered 
outside the geometrical beam were confined then, for 


Tissue- 

thickness Graph 
(cm.) reading 


Mayneord approached the problem different lines, and 
has done great deal work alone, and with his collabo- 
rators, the theoretical and practical aspects the problem. 
FIG. GRAPH RELATING VOLUME DOSE PER 


RONTGEN SKIN SURFACE THICKNESS 


THROUGH WHICH THE BEAM PASSES (From 
Ellis, ) 


Volume-dose per 


Dose-rate 
(cm.?) 


rontgen at skin 


1744 
1524 
1308 
1090 

872 


a 
& & 


Thickness of Tissuc in centimetres. 

Abscissae=Thickness tissue cm. 
Ordinates=r réntgens) per skin. 


(peak) 


His original paper (1940) described method integrating 
the dose measuring the volume rotation between the 
isodose surfaces beam practical measurement the 
moment the area, and gives values for volume-doses 
different types radiation which throw into sharp contrast 
their differences this respect. (See Table 


discusses (1944) the mathematical theory volume- 
dose and derives the following interesting generalizations. 
For beam which the dose-contours given plane- 
section are straight lines perpendicular the axis the 
beam, and the dose falls linearly with depth, the integral dose 
given the product the mass the body concerned 
and the dose its centre gravity. From investigations 
made collaboration with Clarkson (Mayneord Clarkson, 
1944) wax model man, tables were constructed giving 
the average dose throughout patient given thick- 
ness and given quality beam. body mass 
receives average mean dose when the Integral 
Volume Dose This corrected 
for focus-skin distance and multiplied the mass the 
patient gives the integral 


Mayneord further (1945) discusses the mathematical 
theory integral dose radium-therapy. appears that, 
for concentric shells about radium source, the volume-dose 
each shell proportional its thickness and the number 
milligramme-hours (mgh.) the centre. Moreover, there 
reciprocal relationship between the source emitting 
radiation and the volume receiving it. The integral dose 
throughout any volume whatever due finite source, 
uniformly filled with radioactive material, equal the 
integral dose throughout the original source the receiver 
filled with radiating material the same uniform 
graph given from which the integral dose per mgh. for 
point-sources near the centre absorbing mass, may 
read (Fig. 2). For sphere radius the volume-dose 
throughout the sphere was calculated Mayneord 


being the distance the point-source radium from the 
centre the sphere, and the relationship c/a given 
Fig. taken from Mayneord. Examples volume-doses 
are given for certain situations and techniques met with 
practical radium therapy. 
For example 


treating carcinoma the maxillary antrum with 
dose 3,000 mgh., the volume-dose assumed 
that for sphere radius 9-8 cm. and mass approxi- 
mately kg. with the radium relatively centrally placed 

0-89 being the graph reading (see Fig. 2). 
ii. treating carcinoma the cervix uteri with dose 
6,000 mgh., the integral dose calculated about 
9-8 neglecting the absorption 
the filters which the radium packed. 


Measurements Volume-dose 


Measurements volume-dose have been attempted 
Boag (1945), using the model constructed Grimmett 
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FIG. 
O79) } 3 | 
MASS IN GM = VOLUME IN CO 


Integral dose per mgh. for point—-sources near the centre 


absorbing mass known volume and mass. (From Mayneord, 
1945) 


(1939, 1942). This model consists spaced plates mm. 
thick, density 0-985, graphited and spaced mm. apart 


FIG. 


Curve relating 


the centre sphere radius Mayneord 1945) 


thick washers the same material (cellulose acetate) the 
plates. Alternate plates are connected together, thus forming 


Grimmett’s ionization-chamber man position 
for treatment the head. (From Boag, 1945) 


ray 
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two groups plates, each which connected opposite 
poles battery with sensitive galvanometer circuit, 
measure the total ionization current collected from all 
the air-gaps (i.e., from the whole body) under radiothera- 
peutic conditions. Under these conditions guard-rings were 
found necessary prevent insulation-leakage, and 
allowance had made for their effect. Moreover, the 
absorption-conditions for wide range wavelengths and 
various angles incidence the x-ray beam had 
similar those for the human body. These points were all 
dealt with, and curves were constructed from which volume- 
doses delivered with rays HVL 2-4 mm. 
can estimated quickly and fairly 
measurements indicate that the volume-dose depends prin- 
cipally upon the area and site the field. The FSD linear 
dimensions the patient and HVL the 
much less effect. 

Photographs the model are shown Fig. and and 
curves representing some results Fig. and from Boag 
(1945). 

Mayneord Clarkson (1944) also constructed wax model 
for making measurements estimate the volume-dose when 
the whole body irradiated. The actual measurements were 
made slabs filled with the suggested powder mixture 
Spiers (1943), and estimated both the average-dose method 


Relation vclume-dose field area for irradiation 
the pelvis. Inset curve shows relation for 
rontgen dose measured without scatter, which 
linear 200 (From Boag, 1945) 


hitherto described for estimating volume-dose suffer from 
certain inaccuracies. The chief these are due the fact 
that allowance not made, the physical methods, 
variable tissues and their densities the human body, while 
biologically one cannot expect uniform behaviour various 
tissues for given physical dose. 


Physical Factors 


The author has attempted elsewhere show the effects 
certain physical factors volume-dose (1942, 1945). 


FIG. 


Photograph showing the 
general appearance and 
method construction the 
trunk Grimmett’s ioniza- 
tion-chamber 

(From Boag, 1945) 


and planimeter measurements the areas between 
isodose curves the body-section (Fig. 8). Their results 
are represented graphically Fig. and 10, which show the 
volume-dose gramme-réntgens per the surface 
the body (70 kg.) for various half-value layers. seen 
that there rapid rise HVL 0-2 mm. about 
100 with 0-15 mm. filter) followed less rapid 
change. 


Value the Conception Volume-dose Radiotherapy 

The volume-dose might conceivably help deciding 
modifications technique, and might help correlating 
physical dose with general effects radiation. 


must realized, however, that the physical methods 
layer. See footnote The lower curve for the shorter FSD (40 cm.). (From Boag. 1945) 
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TABLE Il. EFFECT VOLUME-DOSE INCREASED 
FSD (CARCINOMA OESOPHAGUS, cm. FSD 
AND 100 cm. 


200 
mm. HVL Tumour-dose 6,000 
Field-size Eight fields 


FSD cm. 


FSD 100 cm. 
Field-dose 3,400 


Field-dose 2,800 


Field-thickness (cm.) 


13-4 11-79 
13-4 11-79 
13-82 12-47 
13-82 12-47 
13-82 
13-82 12-47 
13-6 
15-3 13-6 
112-68 100-66 


TOTAL ENERGY-ABSORPTION 


(125%) (100%) 


Field-Area 
The volume-dose almost proportional the field-area. 


Distance 
comparison made Table the volume-dose 
using two techniques for treating carcinoma the oesophagus 
the only difference between them for given tumour- 
dose being the difference FSD. 
are based Happey’s method (1941) and should pointed 
out that Boag’s graph (Fig. 7), for similar technique, shows 
appreciable difference with the two FSD and gives 
rather higher value (36 than either 

the two techniques compared above. 


Quality the Beam 


The effect the quality the beam determined for 
whole-body radiation has been mentioned already (see 
Fig. Also Phillips (1942) demonstrated that for 
given tumour-dose there considerable difference 
volume-dose between techniques using 200 and 1,000 


(see Table 
TABLE 


For a tumour-dose of 6,000 r 
200 kV 


5,030r ... Max. skin dose ... 
(Megagramme-r) 


The Arrangement and Number Fields 


The author has discussed (1945) the effect these factors 
for two sets conditions 
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Shows isodose distributions cross- 
section the trunk for various qualities 
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FIG. and 


Comparison the values integral dose obtained 

model patient constructed wholly wax and model 

constructed Spiers’ mixture for various radiation qualities. 
(From Mayneord & Clarkson, 1944) 


Using Ungar’s (1943) conception the economy- 
quotient, can shown that the greater the homogeneity 
dosage, the smaller the volume-dose. Ungar gives 
examples arrangements fields for treating case 
carcinoma the cervix relation the economy 
and the volume-dose. The economy-quotient 


BULLETIN 


FIG. 


min. 
30% (heterogeneity factor) 
max. 
max. in. 
Het. Factor 


BOTTOM 
D: 


the economy quotient 


110 


Volume dose 4.36 megagramme-r 
(From Ellis, 1945) 


the ratio the minimum tumour-dose the difference 
between the maximum and minimum tumour-doses, and 
measure the efficiency the technique. seems that, 
other things being equal, the arrangement which gives the 
greater economy-quotient gives the smaller volume-dose. 
Since the economy-quotient highest when the difference 
between the maximum and minimum tumour-doses smallest, 
follows, that the greater the homogeneity, the smaller the 
volume-dose (see Fig. 11). 

Using two wedge-fields described Ellis Miller 
(1944) (see Fig. 12), the volume-dose, for 1,000 tumour-dose 
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calculated from measurements made Boag, 
1-42 appropriate technique 
achieve the same treatment without wedge-fields would 
e.g., the skull. Under these conditions, the volugne-dose 
obviously higher than that for the wedge-fields. 


Volume-dose and Tolerance-dose 


Mayneord Clarkson (1944) their work whole-body 
irradiation have put the energy-absorption the body under 
such conditions true perspective, and new aspect the 
conception tolerance-dose has emerged. For whole-body 
irradiation, the volume-dose relationships for kV, 200 
and gamma radiation respectively are the ratio 
for wide beam enclosing the body, and very 
large the conditions under which radiation 
received medical workers. other words, for given 
dose the skin—which the present method 
estimating tolerance-dose—the energy absorbed the 
body may vary considerably from one type radiation 
another. Since the biological effect considered the inter- 
nationally accepted figure 10° r/sec. general effect 
rather than local one, would seem more accurate aim 
volume-dose estimation rather than 
interesting note that the international figure for 
diagnostic rays r/sec.) three times that for gamma 
rays, and that this ratio, decided experience, the 
order the ratio the volume-doses rays and 
gamma rays. 

The following Table shows the influence technique 
the volume-dose treating cancer various sites. 

The discrimination now possible between volume-dose and 
surface-dose should permit new standards. That limiting 
the permissible general radiation should volume-dose, 
and that limiting the local radiation surface-dose, which 


TABLE TECHNIQUE AND TOTAL ABSORPTION 
VOLUME-DOSE. mm. Cu. FSD-40 cm. 


Resion Dose Fields Total absorption 
1,000 r No. cm.* rom? 


Fauces 4-0 


6/4 
(supplement radium) 3-0 10/15 


might presumably higher than the figure used hitherto, 


which, effect, has real value for those working with 
radium. 


Correlation Biological Effects with Volume-dose 


The ultimate practical value the conception volume- 
dose will depend the possibility using criterion 
for modifying technique, and means obtaining more 


— 


Diagram the isodose distributions produced combining 


two x-ray beams right angles, using wedge filters. (From Ellis 
1944) 


knowledge the action radiation. The physical factors 
hitherto discussed indicate the manner influencing volume- 
dose technical variations. 

Modification technique will considered radio- 
therapist only the general effect the radiation such 
magnitude interfere with the delivery local dose. 


FIG. 13. LYMPHOCYTE COUNTS 
INDIVIDUAL PATIENTS 


Abscissae days after commencement radiation. The 
volume-doses received are indicated the curves. Note 
that although the trend marked, each curve shows rise 
some time during treatment. (From Ellis, 1945) 
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General effects, distinct from local effects, however, might 
due the local effects radiation. Thus, the local effect 
radiation the mouth and oesophagus might have 
profound effect indirectly the general nutrition, the 
lighting-up local infection might also have marked general 
effect, while local oedema such specialized structures 
the lung and brain might have marked effect general 
well-being. Moreover, the variable structure the human 
body makes estimates the usual accuracy demanded 
physics almost impossible. addition, different regions 
the body differ sensitivity, while the variation from one 
human being another, due metabolic, physical and 
psychological differences, conspires, with the influences 
mentioned above, make difficult the correlation 
biological phenomena with volume-dose. Nevertheless, 
some attempts have been made. 


The Volume-Dose Limiting Radiation Technique 


Table the volume-dose for lung and oesophagus 
about one month near the 
limit what the patient can tolerate. Levitt (1938), 
account trunk-bath radiation, finds that the maximum 
dose the surface which can tolerated 1,500 (measured 
with backscatter), though treatment under such conditions 
has not stopped because local effects, skin. 
This corresponds volume-dose about megagramme- 
rontgens weeks. Phillips (1942) found that mega- 
was less than the maximum dose that could 
tolerated about weeks treating rectum. the 
London hospital find that treatment the whole abdomen 
weeks, that appears that patient will tolerate 
large volume-dose smaller part the body more readily 
than large part. 

Apart from therapeutic conditions such these, does not 
seem from Table that the volume-dose likely limit 
technique present developed. possible imagine 
conditions, however, under which such limitation might 
occur. Suppose, for instance, that instead being delivered 
might that, under such conditions, volume-dose 
limiting factor. Such possibility not inconceivable the 
light the hypothesis suggested Gray (1944) that the 
number fractions rather than the total time more 
important. this true, then techniques might developed 
necessitating the administration very large doses many 
fractions very short time. 


What Biological Phenomena can Correlated with Volume- 
dose 

The phenomena must general, distinct from local, and 
may subjective objective. 

Subjective phenomena such malaise, nausea, vomiting, 
and headache are very difficult correlate, especially since 
many these symptoms might produced general 
upsets not due radiation. 

Objective phenomena may measurable not. Here 
shall consider measurable phenomena only. They may 
divided into (a) blood-counts, other measurements. 

Blood-counts are the easiest tangible evidence obtain 
the effects radiation. 
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Ellis (1942) tried correlate the blood-counts, corpuscular 
volume, and other factors, with volume-dose. correlation 
was possible. Fig. shows types lymphocyte-count 
obtained. Although there average trend, individual 
counts,behaved very differently, even rising during relatively 
rapid administration radiation some part every 


FIG. 


‘CHANGE IN LYMPHOCYTE COUNT 
DURING TREATMENT (MEAN OF 


IN FRACTIONS OF INITRAL COUNT : 


MEGAGRAMME — RONTGENS 


Curve average lymphocyte counts patients all treated 


technique related volume dose megagramme-r. 
(From Bush, 1943) 


curve. Other types cell are much more erratic. Thus 
correlation individual cases impossible. 
work Bush, however, there appears almost mathematical 
correlation. Fig. based average lymphocyte-counts 
cases treated for carcinoma the mouth, pharynx and 
larynx. The possibility individual variations Fig. 
still, course, exists. abdominal-bath treat- 
ments provides the same type curves Fig. 
the volume-dose cannot correlated with the lymphocyte- 
count (and still less with other cell-counts) individual 
cases. 

The effect rays the blood-concentration ascorbic 
acid animals and patients has been investigated 


TABLE 


Diagnosis Treatment (200 kV) 


Ascorbic acid mg. % 
(tumour dose) 


in plasma 


Before Immediately 
after 


Post-operational 0-501 0-435 
ray 300 


Breast carcinoma 


Breast carcinoma Post-operational 0-836 0-794 


ray 


Mediastinal tumour... ray 350 0-303 0-286 


Breast carcinoma Pre-operational 0-420 0-336 


ray 
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Kretzschmar, working with the author (Ellis, 1945). There 
doubt that x-ray treatment reduces the ascorbic-acid 
content the blood and the tissues animals, and the 
ascorbic-acid content the blood patients. Table shows 
diminution the plasma ascorbic acid during treatment 
three breast cases and case mediastinal tumour. 

The technical arrangements for the breast cases are similar 
all three patients, and obvious, superficial examina- 
tion the figures, that there qualitative but not quanti- 
tative correlation with volume-dose even these few cases. 
seems likely that the chemical changes which occur 
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TECHNICAL METHODS X-RAY 
THERAPY 


READ, B.Sc., Ph.D. 


Radiotherapy Department the London Hospital 


General Survey 


X-ray therapy often roughly divided into various classes— 
contact therapy, superficial x-ray therapy, deep x-ray therapy, 
supervoltage therapy—yet these classes, and the various 
methods within each, all have certain physical principles 
common. Firstly, desired produce chosen distribu- 
tion x-ray dose through patient’s tissues combining 
the necessary number and arrangement fields. may 
considered adequate produce more than certain minimum 
dose throughout region, such tumour, with little 
possible elsewhere, without caring what the maximum this 
region may be. more stringent requirement that the 
dose uniform throughout the region. Ungar (1943a) has 
shown that under certain conditions the total radiation 
absorbed the body minimum, for given tumour- 
dose, when that dose uniform throughout. the tumour. 
general requirement that the dose the skin, where 
each beam enters, shall not exceed certain value, account 
being taken all contributions from other beams. There 
may also other regions where particularly necessary 
keep the dose small. 

Secondly, desired keep the radiation dose absorbed 
all the healthy tissues small possible relation 
that absorbed the treated volume. This requirement not 
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the body soon modify any substances which might formed, 
that might impossible even achieve biological 
correlation, although the most hopeful line attack the 
problem would try estimate breakdown-products, 
such adenosine, being the possible initial substances. 
Other effects seem likely secondary, whether chemical, 
cytological physiological, and such will not offer any 
real correlation. 


illustrations are reproduced from the 
British Journal Radiology kind permission the editor 
and the authors concerned. 
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only influences the manner which the x-ray fields are 
arranged give the desired alsc 
largely determines the class therapy chosen. lesion 
near the surface the body, accessible through body 
cavity, with the aid surgery, generally better use 
beam less penetration and small focus-skin distance, 
that the dose the healthy tissues beyond the lesion dimi- 
nishes rapidly with the depth the tissues. rough measure 
this total body-dose obtained summing the product 
dose and volume throughout the body, though evident 
that this only rough guide, the susceptibility radia- 
tion each element volume well the dose there 
determines the aggregate effect (Ellis, 1946). 


FIG. la. ISODOSE CURVES FOR CONTACT-THERAPY 
FIELD 


FILTER 


Field cm. circle, focus-skin distance cm., radiation generated 
and filtered mm. aluminium, HVL mm. 
aluminium (Mayneord, 
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The possible ways combining x-ray fields produce 
desired distribution are studied with the aid isodose 
charts. Typical charts are shown Fig. (for low- 
voltage contact-therapy tube), and Fig. (for deep- 
therapy tube) (Mayneord, 1943a). The dose-distribution 
plane through the body due certain field described 
curves, which each join points the same dose-rate 
expressed percentages that the centre point the 
field the skin. Strictly speaking, these charts are not 


FIG. Ib. ISODOSE CURVES FOR DEEP-THERAPY 


+ -+- 


| 


200 KV. FSO 50cm 
FILTER FIELD 6cm. CIRCLE 
Cu. 


Field cm. circle, focus-skin distance cm., radiation generated 
200 and filtered mm. copper and mm. aluminium, HVL 
1-5 mm. copper (Mayneord, 1943a). 


obtained measurements the human body, but 
constructed the absorption and 
scattering rays which approximate that tissues. 
Generally water chosen, but sometimes wax, mixtures such 
rice-flour and sodium bicarbonate, and pressedwood 
compressed wood-pulp boards—are used. for the sake 
standard conditions, the measurements are made 
phantom large enough approximate 
slab. Deviations from these charts which are likely occur 
practice, due the nature the human body, are con-* 
sidered later. 

When suitable distribution fields has been chosen 
give desired dose-distribution paper, means must 
found direct the x-ray beams sufficiently accurately 
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give this distribution practice. the absorption the 
radiation the healthy tissues minimum, beams 
wider than necessary must used. This makes accurate 
aiming very important. Rarely more than one tube used 
time; usually single tube directed successively 
the desired ways. This may done adjustment the 
tube-applicator skin-markings, with orientation the 
tube calculated angles. assist this, numerous beam- 
direction devices have been developed. Alternatively, jigs 
can made, which are attached the patient fixed 
positions, and aid the correct adjustment the tube. 
Finally methods must mentioned which there 
relative rotation x-ray tube and patient, that the axis 
rotation and the x-ray beam pass through the tumour 
roughly right-angles each other. 

The desirability beams being wider than necessary 
was mentioned earlier. broad beam provides greater 
depth-dose than narrow beam, the dose enhanced 
the scattering from greater block tissue. Beams 
broader than the tumour cross-section have been used 
give adequate tumour-dose depth, but preferable 
use more beams with cross-fire technique, use more 
penetrating radiation, that the minimum beam-width will 
suffice. 


Single fields. These are suitable for treatments where 
the maximum dose must given the surface. this 
case desirable that the dose-rate should decline rapidly, 
and easily absorbed x-ray quality, one generated 
relatively small kilovoltage, therefore chosen—the 
so-called Chaoul contact therapy. Meredith (1940, 1945) 
has shown that the dose received the first millimetre 
tissue appreciably altered secondary radiation 
from the applicator and metal parts the tube, and can 
reduced relation the dose mm. depth spraying 
the applicator with aluminium paint and covering the tube- 
window with aluminium foil. 

Multiple fields. When desired produce rela- 
tively uniform dose-distribution through volume, 
dose tumour depth greater degree than the skin 
the area entry the rays, evident that number 
beams must used which all include the tumour, but 
enter through different skin areas. The simplest case that 
two oppositely-directed beams. This useful the 
treatment the lip, eyelid, nose, contact therapy, and 
gives fairly uniform dose-distribution (Flood Smithers, 
has been discussed Smithers (Honeyburne, 
Lamerton, Smithers Mayneord, 1939) and Wilson 
(1943a). With the usual deep-therapy conditions— 
100 cm. FSD (focus-skin distance), about mm. copper 
HVL (half value layer)'—a dose varying between 
and the skin dose (the sum contributions 
from both fields) can obtained through thickness 
about cm., i.e., the diameter the average neck. 

Two fields right-angles give region maximum dose 
the bisector, and nearer the apex the angle than the 
point intersection their axes. Wilson (1942a) has shown 


[' See footnote on p. 51.—Ep.] 
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that this can put advantage, for example, the treat- 
ment tumour the lung, situated near the anterior 
chest wall (Fig. 2). 

Skill arrangement multiple beams acquired 
study existing dose-distributions, model isodose surfaces 
(Mayneord, 1943b), and trial arrangement isodose 
charts and modifications these arrangements. few 
examples are given below. When the beam axes are co-planar, 


FIG. FIELDS PRE-ARRANGED USING DOSE 
CONTOURS 


Tumour uniformly irradiated with maximum dose equal 
120% maximum skin dose. 10x8 cm. fields only. 


Irradiation tumour the lung near the anterior chest- 
wall two fields right-angles. The maximum dose occurs 
the bisector the angle between the fields, but nearer 
the apex the angle than the point intersection the 
axes the two beams. The fields are arranged give this 
region maximum dose the site the tumour 
(Wilson, 1942a) 


the case simpler. Wilson (1942a) has shown arrange- 
ment give good dose-distribution for 
treatment larynx (Fig. 3). case which desired 
keep the x-ray dose low over region the treatment 
the cervix uteri combined ray and 
uterine and vaginal radium applicators, which give 
adequate local dose, give too little the more distant parts 
the pelvis, which must therefore dealt with rays. 
The beams are directed give maximum effect the lateral 
wall the pelvis, but limited where the gamma rays are 
effective, the two together giving uniform distribution. 
Reference should made papers Walker (1940), and 
Sandler (1943) for diagrams which give the dose-distribution 
throughout the pelvis. 

More complicated cases summation three and 
four beams, whose axes are not co-planar, have been given 
Lamerton and Mayneord (Honeyburne, Lamerton, 
Smithers Mayneord, 1939) and Ungar (1945) respec- 
tively. Ungar develops methods treating vertebrae with 
200 which give dose the lesion about 
1-4 times great that any skin area, except for certain 
small field-overlaps not exceeding cm.” 

The method rotating the patient (or tube) carries the 
multiple-beam technique the limit, where the skin area 
entry the beam becomes continuous belt round the 
patient. Nielsen (1945) has described the application this 
method the treatment cancer the oesophagus. The 
patient sits stool which rotates him once about 
minutes about axis along the oesophagus, which cm. 
from the tube-focus. narrow beam used, and ensure 
that includes the oesophagus the shadow pattern this 
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beam viewed fluorescent screen. With radiation 
0-9 mm. copper HVL the skin dose the anterior and 
posterior surfaces and the axillae 
the central dose. The longer radius from the axis 
rotation the axilla gives the skin this region greater 
linear velocity, that more quickly crosses the x-ray beam. 
Jensen (1945) has described irradiation the pelvis with 
tube which rotates through 180° about axis the supine 
(and then prone) patient. Various modifications are possible 
these methods—the shutter can closed during part 
the rotation, the angular velocity can varied different 
parts the arc, and tilting the beam-axis angle 
the axis rotation, first one direction and then the 
other, the tumour can irradiated through two zones 
skin provide still greater ratio tumour- skin-dose. 
the last case, however, the position the maximum dose 
may shifted along the axis rotation away from the 
point intersection the beam-axis. 

Wedge Ellis Miller (1944) have shown that 
x-ray beam can modified wedge-shaped filter 
that two such fields right-angles, with the thick edges 
the wedges contiguous, give fairly uniform dose-distribution 
through the block tissue which the two fields are 
adjacent sides. The dose declines rapidly outside this block. 
The single field with the wedge-filter, and the two fields added 
right angles, are shown Fig. and 4b. produce 
field like the wedge must cause very considerable 
absorption, that the useful dose-rate seriously 
diminished. However, adequate dose-rate available, 
the arrangement very convenient for the irradiation 
lesions situated few centimetres deep the skin, and 


specially suitable use with jig give accurate direction 
the beams. 


FIG. FIELDS PRE-ARRANGED USING DOSE 
CONTOURS 


Larynx uniformly irradiated with dose equal 140% 
maximum skin dose 


Arrangement three fields with co-planar axes give 
relatively uniform dose-distribution through the larynx 
1-4 times that the maximum skin dose 
(Wilson, 1942a) 


When number fields are chosen give uniform 
dose-distribution complete set should administered 
patient one treatment, and not intervals day so. 
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FIG. 


om, 


curves modified brass wedge-filter maxi- 
mum thickness 6-3 mm. Field cm., focus-skin distance 
HVL the radiation mm. copper 


(Ellis & Miller, 1944) 


FIG. 


Dose-distribution two fields type illustrated Fig. 4a, 
arranged right-angles, the positions the thick edge 
the wedge being contiguous. The distribution fairly 
uniform through the block tissue enclosed the fields 


and declines rapidly outside 


(Ellis & Miller, 1944) 
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Methods Study the Dose-distribution from 
Number X-ray Beams 


Most x-ray treatments require for their study the summa- 
tion the dose-distributions several beams. the axes 
these beams are co-planar, the distribution that plane 
can found superimposing, the correct relative 
positions, isodose charts drawn transparent sheets, and 
summing them succession the points intersection the 
curves. convenient method that Ungar (1943b), who 
cut blue-base film (discarded diagnostic x-ray films freed 
from gelatine) the shapes isodose curves, and stacked 
them, that points which had, for example, percentage 
dose-rates 60-70 had six thicknesses film below them. 
Put box, the depth colour showed the 
range within which the percentage dose lay, and when one 
set for each beam was overlapped, the summation isodose 
curves could drawn superimposed celluloid sheet 
consideration the depth colour. 

For knowledge the dose-distribution throughout 
volume, summation dose parallel planes desirable. 
Also, the x-ray beams are not co-planar, isodose curves 
planes which not contain the beam-axis are necessary. 
When the beam has circular symmetry, there are geometric 
methods which isodose curves any plane can drawn 
from those plane containing the axis. However, 
Mayneord (1939a) has devised instrument, the dose 
contour projector,” which enables this done much 
more easily. Flanders (1943) has described methods 
which sections through isodose surfaces can made visible 
arranging thin plane sheet light cut semi-transparent 
models. The isodose curves the required section can 
sketched with the aid camera obscura, and this method 
can used with beams which have not circular symmetry. 

Another instrument devised Mayneord (1939a) the 
three dimensions. dummy applicator adjusted shell 
moulded the shape the part the body under treat- 
ment. The shell then moved cm. from the applicator, 
into which plugged plane carrying isodose curves (when 
there circular symmetry), that they occupy the correct 
space relation the applicator. rod, with 
pointers right-angles cm. apart, arranged that 
when one pointer adjusted chosen point the shell 
the other pointer gives the corresponding position the 
region the isodose curves. The plane carrying these 
curves rotated about its axis until the pointer touches it, 
and the dose read the point contact. Rectangular 
fields can also studied with slightly more complicated 
arrangement (Wilson, 1942b; Mayneord, 
beams have been used instead mechanical pointers (Spiers, 
1940 Wilson, 1942b). From study each field turn, 
the dose-distribution due number beams can 
plotted number parallel planes through the treated 
region. These can drawn glass plates, which also 
carry anatomical drawings, and stacked correct relation 
each other, that three-dimensional representation 
the dose-distribution and anatomical features obtained 
(Mayneord, 1943b). 


Means Realizing Desired Dose-distribution 


the paper plan fields produce chosen distribution 
dose successful, the fields must applied the 


— 


BRITISH 


patient accurately. Various appliances have been devised 
make this easier and quicker. First, the centre the region 
desired treat must located radiographically—by 
inactive gold seed, skin clip, small balloon-catheter con- 
taining iodine, lead-shot catheter, lipiodol, gelatine-barium 
pellet, barium- thorium-air contrast, according 
the site. Skin markings are used give two lines which 
intersect this point. the vertical depth below skin 
marking can found standard radiographic methods. 
This localization must done with the patient the exact 
position occupy during treatment (Green, 1943). 

The x-ray tube can then set angles measured 
parallelogram beam director” beam 
which removed before adjustment the tube, lines 
scribed protractor spanning the patient, arc attached 
the tube. Simplest all, sheet cardboard cut 
fit the contour the body, and the lines along which the 
applicator should directed are drawn it. 

second method the use calliper, fixed the 
tube, which carries pointer co-incident with the beam-axis, 
which can made slide touch the patient the point 
emergence. calliper will also indicate points 
known distances normal the help 
when setting glancing fields—while Grimmett has adapted 
calliper give audible warning the patient moves 
appreciably from the correct setting (Ellis, Wilson, 
1943b Dobbie, 1943 Grimmett, Green, 1943). 

Mayneord (1939b) has described optical device which 
shows the exit-point the beam-axis light-spot the 
patient. small lamp can arranged applicator 
give beam light along what later the x-ray beam-axis. 
tube with cross-wires and sighting-aperture, the other 
side the room, aligned with this light-beam. The tube 
can also throw light-beam back the same direction, 
that, when the patient adjusted the applicator, light- 
spot the patient shows the position emergence the 
beam. The use this appliance the treatment 
oesophageal growths described Adams 
eliminates error due whip mechanical callipers, but has 
the disadvantage that the patient must adjusted the 
applicator, which must not moved out line with the 
light-beam. 

patient reproducible position, and which has surfaces 
sockets correct positions, which the applicator 
adjusted. simple illustration the jig ensure that 
two wedge-fields are applied patient correctly right- 
angles. The jig formed two perspex transparent 
plastic) plates, each the size the applicator end, and 
fixed right-angles each other. adjusted the 
patient that the block tissue desired treat 
within the right-angle. Skin markings are made that 
can replaced the same position. metal replica 
substituted for the perspex one, and any space between 
and the skin filled with radium compo (see below), 
thermoplastic material. The radium-compo 
detached from the metal replica, and used the same position 
the perspex jig. The fact that the radium-compo has taken 
the shape the body, together with the skin markings, 
makes easy replace the jig the same position for each 
treatment. simple matter bring the x-ray-tube 
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applicator into contact with each plane surface 

Flood Smithers (1939) illustrate nose built with 
wax mould form parallel-sided slab aid the correct 
adjustment two opposed fields. 

Another method produce rigid shell, fit the part 
the patient’s body under treatment, from plastic materials 
—nidrose, plaster bandage, bexoid—and cast 
wax sockets into which the applicator will slip correct 
positions (Dobbie, 1943). 

The radium-compo wax not only helps the correct 
fitting the jig the patient, but also fills air-spaces with 
tissue-like material, that the standard isodose charts give 
the correct dose-distribution. 

also necessary that the correct quantity dose should 
given each field. Frequently this done making 
daily measurement the x-ray output the tube, and then 
controlling the doses stop-watch and adjustment the 
tube milliamperes and kilovoltage. The latter are often 
difficult keep correct adjustment, especially when radio- 
graphers must watch more than one tube, and the switching 
and off tubes affects the line-voltage. The aggregate 
error dose may considerable, and can avoided 
the use integrating dosemeter with 
chamber built into the master-cone the tube which 
the various applicators fit. Such dosemeter has been 
developed Farmer (1944). 


Theory and Practice 


evident from the above discussion that much effort 
can spent the study dose-distributions based 
sets isodose curves. therefore well consider 
what extent the actual dose-distributions obtained the 
human body may differ from the charts. The latter are 
usually based measurements made water, that one 
step consider what differences are expected the 
body. However, although the ideal, water-phantom 
measurements should made for each individual tube and 
applicator, practice this too time-consuming, and 
usually radiotherapy centre assumes that published charts 
depth-dose values for the same quality radiation, 


focus-skin distance, and field area, will apply. Tables 


depth-dose values based survey published values 
have been compiled Mayneord Lamerton (1941) and 
Quimby (1944). 


There are considerable differences between British and 


American values. This may due the use different 
phantom-materials—pressedwoods, wax, and rice-flour, 
addition water different types ionization chambers 
—the thimble chamber and the extrapolation chamber 
(Failla, 1937); even, perhaps, the prevalence 
different type tube the two countries. 
immersed tubes, where the beam emerges through 
layer oil, seem give more rapid diminution dose- 
rate with distance, near the tube, the oil, scattering, 
acts secondary source nearer than the focus. Spiers 
(1943) has compared the behaviour number materials 
with water, phantom-materials. Paraffin-wax and rice- 
flour differed the 200 range, and pressedwoods the 
100 range (Braestrup, 1944). The most suitable substitute 
for water (suitable also for the filling scatter-bags) for the 
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200 was mixture weight about 60% rice- 
flour and sodium bicarbonate. 

When jigs are fitted the body with wax moulds 
important that the wax should behave towards the rays 
the manner water. Some the dental waxes are much 
too absorbent, being loaded with elements relatively high 
atomic number. dosemeter immersed water- 
phantom, and piece wax, etc., interposed between the 
dosemeter and the x-ray source, the change dosemeter 
reading index the difference the wax from water. 
Slabs cm. thick gave the following diminution dose- 
rate parabar (gum kauri, stearine, and magnesium silicate), 
perspex, radium compo (gum kauri, stearine, 
and charcoal powder), 

desired use isodose charts the study treat- 
ment parts the body smaller dimensions than the 
phantom, e.g., the neck, then the body must built 
with scatter-bags approximately the full size. Reinhard 
Goltz (1945) have studied the changes produced the lack 
adequate thickness. With radiation 0-9 mm. copper 
HVL, about cm. material beyond point measure- 
ment necessary give adequate backscatter there 
differences could observed cm. preceding the exit- 
surface. The exit-doses were less than those deep 
phantom 20°, for cm. thickness, for cm. 
thickness, and 16% for cm. thickness. 

Sometimes better dose-distribution can obtained 
discarding scatter-bags. Reinhard Goltz (1944) have 
shown how isodose curves for beams incident angle 
the skin, are affected omitting scatter-material from the 
Considerably greater depth-doses were obtained towards the 
margin the beam remote from the applicator-edge 
contact with the skin. 

Even though not possible for radiotherapy centre 
explore, water-phantom, all the fields used, few check- 
measurements should made, wide deviations from 
published values may occur. cannot even assumed that 
applicator-end filled with radiation sometimes strips 
wide cm. the sides are almost devoid radiation. 
This might particularly detrimental when glancing-field 
techniques are used. Studies the distribution dose-rate 
air across various fields have been published Thayssen 
(1945), Jacobsen (1943), and Atlee Trout (1943). Some- 
times fields are badly asymmetric. Ways which these can 
improved specially-designed filters have been described 
Spiegler (1945), Meredith Stephenson (1943), and 
Flood Smithers (1939). 

There still remains the possibility that dose-distributions 
the human body may differ from water-phantom measure- 
ments. The bones are more absorbent, particularly the 
radiations longer wavelength, and beams which are 
tangential to, say, the ribs skull, are likely con- 
siderably affected. The lungs and air cavities, the other 
hand, will give greater transmission than water. Quimby, 
Copeland Woods (1934) made extended series 
measurements with 200 radiation filtered mm. 
copper and mm. aluminium, both cadaver and the 
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vaginas patients who were irradiated both from the 
anterior and the posterior surfaces the pelvis. Backscatter 
factors agreed well with water-phantom values for all fields 
irradiation. Depth-doses the pelvis were also 
agreement, but through the chest they became progressively 
greater. Measurements the thigh agreed with water 
measurements until the bone was reached, beyond which 
they were 30% less. Measurements radiation 
transmitted through the head the humerus also gave 
definitely lower depth-dose values. 

The present author has measured the transmission 
radiation quality 0-9 mm. copper HVL passed antero- 
posteriorly through the mid-region patient’s lung. 
dosemeter sandwiched between the applicator and chest- 
wall measured backscatter factor 1-33, compared with 
the water-phantom value 1-31. The dosemeter was then 
arranged the beam’s exit-point the posterior surface 
cm. from the applicator, and scatter-bags were packed 
around give measurement comparable with that 
depth cm. water-phantom. The depth-dose was 
compared with water. The fact that the 
backscatter factor was unaltered suggests that the diminution 
scatter from any particular part the lung compensated 
the less absorption this scattered radiation its way 
the point considered. Accordingly, assumed that any 
point the lung will receive the same amount scattered 
radiation the corresponding point water, but the 
primary beam will less absorbed. the primary beam has 
passed through distance cm. tissue density 
water. The radiation which reaches any point the water- 
phantom can divided into primary and scattered radiation 
the method Meredith Neary (1944). cm. deep 
water, surface-dose 131 provides primary beam-dose 
2-20 and scattered radiation-dose The absorp- 
tion coefficient water the primary beam 
and assume there cm. path lung tissue 
density about 0-3 this equivalent 3-6 cm. water. 
Therefore the primary beam value must increased 
The total dose should therefore 24-8, and the corresponding 
depth-dose 19%. This agrees reasonably with the measured 
value and suggests that this method could used 
deduce doses lung tissue. 


Conclusion 

has been the purpose this paper survey what seem 
the physicist the best technical methods x-ray therapy. 
However, they have been developed many centres, and 
doubtful whether there any one centre which employs, 
routine, very large proportion them. 

Each radiotherapist develops his own methods. There 
are, for example, many skilled radiotherapists who prefer 
direct the beam judgment, using special device, except, 
perhaps, indicate the position and direction the central 
ray. may argued that physical methods can 
developed beyond the clinically useful point, and readers 
should refer communication Jacobs (1939) this 
question. 
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TECHNICAL METHODS 
RADIUM THERAPY 
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Technique the therapeutic use radium has been developed 
result the changing outlook the therapist. Surgeons 
were quick employ radium when proper appliances had 
been devised for containing and manipulating this substance, 
but the tendency now towards diminishing use 
radium surgeons for implantation into 
Dermatologists were less ready treat lesions the 
skin with preparations radium that could easily applied 
the surface the body. suitable choice metal 
enclosure the therapist could carry out this kind work 
with beta-plus-gamma pure-gamma radiation. 
technique survives, but unusual use beta-ray sources 
except for lesions which are essentially skin lesions. Gynae- 
cologists have been perhaps the most outstandingly successful 
radium therapists, because their work has led far less 
actual surgery uterine cancer, and the miseries uterine 
haemorrhage promise thing the past. 

The advances technique fall into natural groupings 
which have been determined one two ways, e.g., new 
technique may developed the result new medical 
point view, for instance, the substitution surface for 
interstitial applications largely arose from the view that 
damage the tissues was avoided all cost again, 
new technique was developed result the ingenuity 
physicists preparing radon sources which can some- 
times used preference radium. But amount 
ingenuity itself can make any headway treatment unless 
the therapist its undoubted utility and safety. 


External Irradiation 
The range this method varies from the application 
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few milligrams the form capsule the use 
grams time. the present time considerable diversity 
opinion exists about the utility these gram units (the 
use the deplorable term bomb for these units happily 
declining). What need there for mounting grams 
radium into single unit gamma-ray source when 
this type radiation can nearly duplicated rays 
The argument may, however, presented with equal logic 
the other way round; why the trouble installing 
complicated and expensive apparatus which will almost 
certainly have discarded after years’ service, when 
one can have most useful source radiation requiring 
little apparatus and minimum servicing staff 
engineers, source, moreover, that shows inappreciable 
decline over the same period time 

matter fact, there are very good reasons why one 
source does not exclude the other. true that the quanti- 
tative yield penetrating rays from modern tube 
quarter million volts far exceeds that from 10-gram 
radium unit (perhaps times big), but the latter has 
many advantages. often easier apply the patient, 
especially suitable when repeated and prolonged treat- 
ments are needed, and its servicing effective that one 
can almost say that these units not suffer from breakdowns. 
may reasonably expected that these units, ranging 
from grams radium, will become more and more 
used, provided that the present downward trend the cost 
radium continues. 


Intra-cavitary Irradiation 


The introduction radium (and radon) into the natural 
cavities the body when they are the seat disease has been 
developed lines which ensure far possible adequate 
dose the malignant regions with overdose the normal 
contiguous structures. This most successfully done, 
perhaps, the treatment cancer the uterus and buccal 
cancer, but when growths originate the rectum 
oesophagus there are greater difficulties ensuring the 
necessary conditions. 

the treatment uterine cancer, radium put into the 
body the uterus, the cervical canal, and the fornices, 
means special applicators containing radium platinum 
thick enough ensure that practically homogeneous gamma 
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rays are being used. Supplementary this disposition 
the radium, every effort made the use packs keep 
the normal tissues well away from the zones most intense 
irradiation. This also attempted when radium applied 
the rectum cases malignancy one the most 
successful appliances that devised Margaret Tod, who 
arranged the radium inside pneumatic device which could 
expanded this helps push the normal structures 
away from the irradiated zones. 

For growths the oesophagus, the device Souttar 
allows the introduction radium into the lumen the 
oesophagus, but immediate contact prevented means 
Souttar’s tube, which holds the radium axially. 
valuable measure control and protection afforded 
this device. 


Interstitial Radium 

Dominici was among the first introduce radium 
enclosed platinum into the tissues; the method was 
developed that large volumes tissue such occur 
mammary cancer were penetrated many points radium 
tubes cm. more length with diameter several mm. 
extensive though not uniform irradiation the malignant 
process occurred under these conditions, but the disad- 
vantages the method, with its associated trauma, brought 
interstitial work into disfavour, and to-day probably 
true say that radium therapy can carried out without 
recourse interstitial methods then done. But 
nevertheless there are several sites where such methods are 
still the for instance, lesions the tongue where, 
owing involuntary movement, almost impossible 
use any other method properly. 

account interstitial methods treatment would 
complete without mention radon technique. The gas 
from radium can purified completely that one can 
handle quantities that represent extreme purity the volume 
curie just less than 0-6 and one gram radium 
solution can yield curies during the course year, 
that the total volume pure gas only the 
refinements technique allow this shared among 
less than 10,000 capillary tubes which, when mounted 
platinum, serve gamma-ray sources, their lengths ranging 

any technical discussion upon the use radon soon 
becomes apparent that, spite contra-indications, 
continues used because objections are outweighed 
advantages. can said that the outstanding advantage 
the adaptability that attends its use other words, the 
size, shape, content and filtration can altered suit the 
clinical need the moment; moreover, radon seeds 
can inserted into the tissues and left there without danger 
the patient. Against this have the decline its 
activity, which renders unsuitable for treatment which lasts 
more than few days, the high cost running radon 
centre, and the danger technicians engaged the work 
purification and concentration the radon. 


Therapeutic Aims and Methods 
The three outstanding technical methods using radium 
(and radon) treatment have been discussed. remains 
say something what the aim behind these methods. 
Whatever the radiotherapeutic method treating malignant 
disease, the aim certainly destroy all malignant cells, 
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but equally certain that many cases this quite 
impossible any regard paid the normal tissues the 
body the patient. most cases this due the fact that 
growths are ill-defined their extent, and this being so, 
evident that unless irradiation extended well beyond the 
probable limits the growth, some the malignant cells 
willescape. are, fact, dealing largely with probabilities, 
not certainties, the treatment malignant disease and 
experienced radiotherapist more likely discern these 
probabilities than equally clever but less experienced one. 
this basis, evident that technical methods are develop- 
ments ingenuity the best means balancing the 
manifold considerations that are involved the irradiation 
malignant growth. 

There indeed wide difference outlook between 
those who, for instance, plan extensive irradiation 
breast-tumour the implantation radium needles, and 
those who seek the same end the use externally applied 
gamma radiation which can repeated intervals deter- 
mined the day-to-day response the organism. the 
latter working philosophy which originated the French 
School, and which has been given rather different orienta- 
tion the work Spear and his colleagues the Strange- 
ways Laboratory, Cambridge here, fact, technical 
method which combines the virtues sound biological 
intuition with the asset rigid physical control. 

technical methods are improved, there must 
happy balance between biological probabilities and physica! 
certainties well, however, not insist too much 
the latter. Isodose curves are usually derived from measure- 
ments upon media having about the same density the 
average the tissues concerned treatment, but there need 
insistence the general crudeness any such 
similarity. Any assessment the differential response 
the various structures the body irradiation matter 
not for the physicist but for the radiologist. need not 
emphasized that judgment upon this crucial matter will 
depend not only upon the clinical sense the radiotherapist, 
but his pathological knowledge. one the greatest 
claims eminence the field radiotherapy, that the 
French School, led Regaud, and now Lacassagne, has 
persistently maintained that this pathological knowledge, 
not only the nature malignant growths but their 
individual reactions irradiation, should the basis the 
scientific method. 

few words may said about technical methods 
radium therapy other than malignant disease. One the 
most successful applications the treatment uterine 
haemorrhage, and somewhat remarkable that, spite 
the generally good results obtained, there considerable 
difference the dose employed different clinics. Early 
the study this condition was found that the dose 
required bring about cessation the dominant 
symptoms varied with the age the patient. The following 
quotation taken from Elizabeth Hurdon, Cancer the 
uterus (London, 1942). 

The treatment simple metropathic haemorrhage depends 
partly upon the age the patient, but the severity the anaemia 
due haemorrhage, and the presence myomata, have also 


considered. The cases are divided into three groups 
relation the age incidence and the reproductive function 


Group Adolescent cases—patients under years 


age. 
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years age. 

and post-menopausal cases. 

Typical doses for each age group are follows 

Group 250 mg. hr. 
Group 600 mg. hr. 
Group 1,200 mg. hr. 

Screenage mm. platinum and 1-5 mm. rubber.” 

will seen that the biggest dose found necessary the 
treatment this condition 1,200 mg. hours (50 mg. for 
hours), yet there are many British workers who consider 
that treatment not adequate with less than hours’ 
exposure, using mg. radium. The question arises, 
view the fact that the technical methods are practically 
dentical, why this wide disparity doses continues 
operate. the bigger dose indeed necessary, how 
that 97°% the menopausal cases cited Hurdon remained 
well without further the other hand, the 
shorter exposure adequate, what purpose served 
more severe one 
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the year 1930, the maximum voltage x-ray equipment 
available for x-ray therapy was the order 200 kilovolts. 
With such equipment had been demonstrated that some 
types cancer was possible attain cure without 
irreparably damaging the patient. was not known whether 
the failure many lesions certain sites was due 
difference radiosensitivity, whether was due the 
impossibility delivering sufficiently high dose the 
lesion. The problem was not simple one, being complicated 
many factors. 

matter how high dose administered lesion, 
there are always some malignant cells left intact, and these 
have overcome local normal cells the lesion 
eradicated. This can take place only the normal cells 
have been less damaged the radiations than have the 
malignant ones—that is, the normal cells are less radio- 
sensitive. Whether this radiosensitivity factor varied with 
the wavelength the radiations was not known, but the hope 
that this might the case warranted investigation into the 
unexplored shorter wavelengths. 

For optimum results, damage the normal tissue 
surrounding the malignant zone should reduced 
minimum, otherwise blood-supplies the normal cells 
the zone destruction will cut, reducing their effectiveness. 
This requires rapid decline the x-ray dose outside the 
zone required destruction, and was forecast that this 
could accomplished with the shorter wavelengths, due 
the sharper delimitation the beam edges. 

third factor arises which might called the patient’s 
over which the therapist has only some small control 
namely, making certain that the total radiation energy 
absorbed the patient minimum commensurate with 
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Technical Methods the Future 


The methods which have been most highly developed 
technically till now are the methods developed the use 
the gram units and the use radon; both big and 
small quantities call for specialization design and 
management. 

Advances pure science the last years have shown 
the feasibility making ordinary substances radio-active, 
and the time may soon hand when these will used 
medical treatment well research. Advances 
applied science during the last year have drawn attention 
the possibilities using atomic power more liberal scale 
than have far enjoyed. Mere power, however, has not 
the first claim the selective list requirements among radio- 
therapists what primarily wanted some form energy 
which will give wider margin response between normal 
and malignant tissues, and the same time easily adapted 
the purely technical demands those called upon 
treat malignant growths any part the body. 


the necessary lesion Providing that all stray radiations 
have been excluded, the energy absorption during the 
treatment then becomes question the most effective 
geometric distribution the required x-ray beams, both 
physically and clinically, and the physical properties the 
radiation used. 

Treatment wavelengths shorter than those obtained with 
200 equipment had been carried out the use 
surface lesions, interstitially, body cavities, 
mass the radium-bomb units. The nearest approach 
the methods employed x-ray therapy are those the 
radium bomb. The main difference that owing the low 
gamma-ray output from radium bombs, treatments can 
carried out only short distances from the patient, limiting 
the use the bomb lesions short distances from the 
skin surface. order obtain the same radiation intensity 
that emanating from 200 tube operating 
cm. FSD [Focus-Skin Distance], 1-0 mm. copper 
1,000 grams radium would required. 

However, had been established from theory and 
experiment that the shorter the wavelength the rays— 
that is, the higher the voltage applied the x-ray tube—the 
more penetrating the rays would and the 
absorption would vary with the density the medium. 
One the problems 200 therapy was, and is, the 
distortion, due intervening bone, the theoretical dosage- 
distribution unknown factor. With the shorter wave- 
lengths this unknown factor should become less disturbing. 


X-ray Equipment Some Technical Considerations 


1933, few experimental high-voltage x-ray equipments 
had been constructed the USA, operating voltages 
one million, but they were too unreliable operation 
give biological and clinical results which could assessed. 
Usually these tubes had the most only two fixed beam- 


1 The lesion dose is the average dose throughout the lesion specified in 
réntgens. It is estimated from a mathematical analysis of the dose-distribution 
in the patient, arrived at by the summation of dose-distribution charts for each 
x-ray beam. These charts are obtained by ionization-chamber measurements 
in a water-phantom. 


2 Half-Value Layer (HVL) is the thickness of a specified material which, when 
introduced across the x-ray beam, effectively reduces the emergent beam to one 
half of its original intensity. 
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directions, necessitating tilting the patient the tube, 
order accomplish cross-fire techniques. This method 
deprecated Britain, since argued that unless the 
patient prone, supine or, for restricted number sites, 
sitting up, impossible know the exact position the 
various body-organs. Angulation the tube the patient 
therefore demanded one the essential features 
x-ray tube. 

The main difficulty encountered sealed tubes the 
attainment higher voltages was that the increased electrical 
stresses applied the electrodes and envelopes extracted 
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DIAGRAM MILLION-VOLT X-RAY TUBE 


= = 


Rotable applicator cylinder 

Moving floor 

Adjustable diaphragm for limiting size emergent beam 
8-ton lead protection cylinder, used shutter rotating 
Steel tube vacuum envelope 

Gold/copper target head 

Aperture lead cylinder 

Lead block suspended from roof, blocking upwards beam, 
when shutter position (as shown) 

plate ionization chamber across beam 

Cathode support tube 


occluded gas from them, resulting internal electrical 
breakdown between the electrodes, and often the punc- 
turing the glass envelope. one two instances tubes 
were supplied withstand 350 kV, but they were never really 
robust. 

1932, pair 200 steel and porcelain, demountable 
x-ray tubes, continuously evacuated their attached oil 
diffusion-pumps, were installed Sheffield Radium Centre. 
The oil diffusion-pumps operated the newly developed 
low-vapour-pressure Apiezon oils, and did not need the 
expensive liquid air-traps required mercury-vapour 
condensation pumps. Continuous evacuation and demount- 
ability made possible the cheap replacement target and 
filament any mechanically-minded member the x-ray 
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department. Instead the usual sealed-off thermionic recti- 
fiers the attached high-voltage generator, pair con- 
tinuously-evacuated demountable rectifiers was fitted. 

With the advent these new oil diffusion-pumps and the 
demonstration that continuous evacuation was feasible and 
reliable, the development high-voltage continuously- 
evacuated tubes with walls and envelopes, electrically bette: 
than those the sealed-off tubes, but which had previously 
been barred their prolonged gassing, became 
economical proposition (Allibone Bancroft, 1934 Beetle- 
stone Innes, 1934; Burch Sykes, 1935). 


— 


7 


Steel Vacuum Envelope 
Porcelain Insulator 

Six-element filament assembly 

Negative mid-potential steel sheath 

Target support tube 

Positive mid-potential steel sheath 

Support insulators 

(vacuum) pumping plants 

Treatment couch 

Control pedestal for tube angulation and floor 

Barytes x-ray protection walls between treatment room and 

H.T. rooms 


Million-volt Equipment St. Bartholomew’s Hospital, London 
The hospital indebted the foresight its Radium 
Committee, the generosity Mrs. Meyer Sassoon, and the 
technical skill the Research Department 
Metropolitan-Vickers Electrical Co., Ltd., Manchester, for 
envisaging and making available the million-volt plart 
installed the hospital 1936. The equipment was 
guaranteed operate 600 [Direct Current] mA, 
with the proviso that continuous operation one 
volts would aimed at. the first hour after final erection 
700 was attained, but voltages greater than 
the tube became unstable operation (Allibone, Bancroft 
Innes, 1939). 
During the next two years, while many modifications and 
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additions were made 
carried out 700 kV, 
giving the medical and 
physical staff insight 
into the problems 
encountered higher 
voltages. 1938, the 
plant was operating con- 
tinuously one million 
volts and 
some 10,000 hours 
operation have 
accomplished spite 
many near 
bomb 
Although there was con- 
siderable damage the 
buildings many occa- 
sions, the plant suffered 
carried out schedule, 
except when power sup- 
plies were interrupted. 
The equipment 
designed that, far 
possible, methods 
treatment previously em- 
ployed 200 can 
repeated with the new 
tube. The tube (Fig. 
spans the treat- 
ment room and 
from the centre its 
span can emerge the 
x-ray beam, the direc- 
tion which can 
varied pointing 
vertically downwards 
110° upwards. This 
accomplished rota- 
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FIG. Ib. MILLION-VOLT X-RAY TUBE 
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device attached, indicat- 
ing the size and position 
the x-ray beam 
space. The x-ray beams 
obtained the 
diaphragm are not per- 
fect, since they have 
penumbral edges caused 
combination 
large focal spot, 
with the position the 
stops half the distance 
from the focus, when 
used 100 cm. The 
advantages, however, 
outweigh this imperfec- 
tion, and the future 
light 
phragm may added. 
Inside the outer sheath 
(a) which mounted 
the diaphragm, pro- 
tective lead cylinder (d), 
surrounds 
the steel vacuum enve- 
lope the tube (e). 


This lead cylinder, which 
weighs tons, gives 
effective protection 
inches lead any 


direction relative the 
focal spot the target 
(f). The protection 
effective that with the 
tube operating full 
excitation—one million 
volts mA—the x-ray 
leakage into the treat- 
ment room only one 
half tolerance dose 
(10° r/sec.), degree 


tion the outer sheath Tube the treatment room, showing the light-centring device and diaphragm 


the tube beam accomplished making the centre part 
the treatment-room floor (b) under the 
vertically through feet [about m.]. This necessary, 
the feet long [about 9-75 tube, which weighs nearly 
tons [about 12,192 kg.]. The minimum FSD obtainable 
with ease cm., comparable with that used 200 kV. 
Beam limitation 200 done lead-lined boxes 
called applicators, fitted with end limiting stops the 
required size. million volts and 100 cm. FSD such 
applicators, effective, would weigh some 200 pounds 
kg.] and would rather expensive and difficult change. 
adjustable diaphragm (c) was therefore fitted the 
tube outer sheath, built twin 1-5 inch [about 3-8 cm.] 
thick adjustable lead stops, giving any beam size from 
the diaphragm down cm. FSD, but beam positioning 
then becomes awkward. The diaphragm has light-beam 


countered 200 
tubes. The lead cylinder also used the x-ray shutter 
the tube. There one aperture the lead cylinder oppo- 
site the target head, which aperture (g) the safe 
position points upwards into six-inch-thick lead block 
suspended from the treatment-room roof. This block 
prevents the emergence the rays upwards into the treat- 
ment room. Providing the treatment-room doors are shut, 
the whole the lead cylinder can made rotate 
pushing control button the control room, and auto- 
matic interlocks stops rotating when its aperture 
aligned that the diaphragm the outer sheath, 
permitting the emergence the x-ray beam the required 
direction through the diaphragm stops. Just behind the 
diaphragm mounted three-plate ionization chamber (i), 
which indicates instrument the control desk either 
the x-ray intensity the dose given during exposure. 
Mounted the control desk are also direct-reading kilo- 
voltmeters, indicating the actual kilovoltage applied either 
end the tube and the sum these, irrespective load 
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current. These are electrostatic voltmeters which operate 
from definite proportion the kilovoltage applied each 
end the tube,- obtained from oil-immersed resistance 
potentiometers connected from each end the tube earth. 

The high voltage for the tube supplied two 500 
Cockcroft generators comprising transformer, con- 
densers, and four continuously-evacuated thermionic rectifiers 
each, and operating from the [Alternating Current] 
mains. All vacuum and electrical operations are indicated 
power-station type illuminated diagram, facilitating 
fault-finding. 

The treatment and high-tension rooms are enclosed 
walls built some 125 tons interlocking barytes bricks, 
effectively preventing the egress rays that possible 
store films within few feet the treatment room. 

this equipment have simple, controllable, safe 
source high-voltage rays, not quite hard the gamma 
rays from radium, but equal intensity, under the same 
geometrical conditions, 7,000 grams radium. 

During the war development work x-ray tubes and 
equipment has been possible Britain, but the USA 
number different types high-voltage x-ray equipments 
have been produced, one particular being very compact, 
tube and resonating transformer being housed tank some 
feet [1-8 m.] long and feet diameter. also 
interest note that during the German occupation 
Norway, Norwegian engineers and physicists constructed 
and operated 1-5 million volt Van Graaff generator and 
multi-acceleration tube. 


Physical Investigations Operating Conditions 


When the treatment patients with the million-volt 
plant commenced, there were few physical data available 
regarding the properties the short-wavelength rays 
generated, and complete investigation had made 
the optimum operating conditions attain (i) the 
shortest economical wavelength and (ii), the same time, the 
best geometric arrangement give the highest depth dose 
the patient, with reasonable x-ray intensity. Since the 
primary object the whole investigation was find whether 
the radiosensitivity malignant cells, increased with 
reduction the x-ray wavelength, the tendency was bias 
(i) preference (ii). 

The properties generation rays, the stopping 
high-speed electrons target, are such that, although the 
electrons have our million volts equivalent 
velocity, the emergent x-ray beam heterogeneous one 
composed wavelengths varying from the shortest, which 
has quantum energy equivalent that the original 
electron, rays which just come through the tube wall. 
The peak intensity about 700 kV, and the mean about 
450 equivalent. Passing such heterogeneous beam 
through single composite metal filters, the long wave- 
lengths are absorbed greater degree than the short wave- 
lengths, resulting hardening (shortening) the average 
wavelength the emergent beam. What more important, 
however, that the very soft (long) wavelength rays are 
completely removed. These cause considerable damage 
the first few millimetres tissue and, they not penetrate 
further, they not contribute the lesion-dose. 

was found that there was little difference between lead 
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and tin filters, the lead, anything, being slightly more 
efficient. Backing the lead filter tin and copper was 
not found necessary, presumably since the mm. steel wall 
the tube effectively removed the anomalous lead radiation 
(Mayneord Roberts, 1935). 

The distribution dose the patient much more 
complicated problem and, simplify physical investigations, 
carried out medium which has the same electron 
density the average all the body-components. Water 
one such medium, while there are others more com- 
nature (Spiers, 1943). The relationship between (a) 
the dose any point the medium (b) the dose the 
surface the medium the beam centre, when expressed 
percentage, called the Percentage Depth Dose (%DD), 
while the chart giving the plane 
lines joining points equal dose-level called isodose. 
The dose depth made many components, and for 
general purposes here they can divided into three: direct 
beam, backscatter, and forward scatter. The direct beam 
that part the dose originating from the ionization produced 
the point absorption rays from the part the 
main beam which has penetrated the depth. Backscatter 
the dose originating from secondary rays scattered back 
from the part the medium beyond the point measure- 
ment, while forward scatter from secondary scatter from 
the part the medium above the point measurement. 

Investigation into the variation with filtration 
the x-ray beam indicated that not only was the lead filter the 
most efficient increasing the °,DD, but also that the 
maximum efficiency was between and mm. added filter. 
With heavier filters the improvement was linear but less 
noticeable. (See Fig. Curve will noticed that the 


FIG. PERCENTAGE BEAM INTENSITY LEFT 


100 


Abscissae intensity 
Ordinates depth dose cm. depth 


Curve Percentage depth dose with increasing lead 
filter thickness marked the curve, plotted against residual 
beam intensity. 10x 100 cm. FSD, 1,000 

Curve Percentage depth dose with FSD, FSD, marked the 
curve, plotted against residual beam intensity. mm. 
lead added filter, 1,000 
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field 100 cm. FSD plotted against percentage 
the beam intensity left. The improvement the °,DD 
with FSD given Fig. Curve which shows that the 
maximum efficiency improvement produced between 
and cm. FSD; improvements distances greater 
than this being slower but appreciable. improve- 
ment were the main object, the optimum condition would 
0-5 mm. added lead filter and long FSD 
possible, since the efficiency improvement greater 
than filtration this voltage. 

our case, however, where the main investigation was 
whether there was increase radiosensitivity lesions 
with reduced wavelengths, harder beam obtained with 
mm. lead filter was decided on, with FSD 100 cm., 
x-ray output r/min., comparable with the 
output 200 equipment. 


Physical Advantages the High-Voltage Beam 


Since previous experience had been confined 200 
rays, the main interest physically lay comparison 
between the behaviour the beams phantom, and 
attempt has been made formulate reasons for the 
differences. The main improvement with reduction 
wavelength the increased penetration, but the 
complicated feature which variation back- and forward 
scatter, FSD, depth, absorption-coefficient, and field-area all 
play part, and attempt was made sort out these 
effects measurement and calculation. Fig. gives the 
proportions direct, back- and forward scatter obtained 
percentage the depth-dose the beam-centre-line 
for cm. beams cm. FSD 200 and 100 cm. 
FSD million volts. the surface 200 the dose 

direct and 7°, backscatter. progress through the 
phantom 200 kV, the direct-beam component decreases 
more rapidly not only relatively, but also absolutely, while 
cm. depth becomes even less than the backscatter 
component. 1,000 kV, the backscatter component 
remains only small portion the dose. The forward 
both cases increases rapidly and the same 
order. 


The direct component the beam can represented 


and 


where the air dose the the absorp- 
tion-coefficient and the dose depth due direct 
beam. Both the backscatter and forward scatter components 
will increase with field-area maximum, beyond which 
any further added beam-area will not contribute the 
central dose, since will beyond the range the 
secondary scatter. 

From the curves and the above, certain forecasts can 
made. (i) Since the penetration, i.e., the direct beam, 
higher 1,000 kV, and the greater portion the dose all 
depths due direct beam, the depth-doses will greater 
than those met with 200 (the forward scatters being 
nearly the same). Not only will this the case but, since 
1,000 little the dose depth depends scatter, 
there should little change with field-area, quite 
contrary 200 experience, where the governed 
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great extent the backscatter and hence field-area. 
Further, the improvement with 1,000 will the greater, 
the greater the depth. 200 there little change 
with FSD beyond cm. FSD, and this can under- 
stood examining the information Fig. Since the 
direct-beam contribution small portion the dose 
the depth, any variation its value due alteration 


FIG. 


Abscissae depth cm. 


(in the formula) will masked the the small 
part takes the whole. 1,000 kV, the other hand, 
the direct contribution even cm. depth over 50% 
the dose, increases the direct component increase 
the FSD will appreciable the 

Fig. Curve indicates that the last deduction holds, 
while Fig. indicates that the forecasts about relative 
1,000 and 200 are along the lines indicated. The 
gain small field-sizes particularly noticeable, being 
high increase cm. depth for field This 
many new avenues treatment design, which will 
indicated later. Even for large beams, the improvement, 
though small (about importance many cases 
opposed-field technique. with the reduction 
backscatter, and also since the forward scatter is, with the 
higher voltages, more the forward direction, the high- 
voltage x-ray beams show much sharper delimitation 
the geometric edge the beam and flattening the isodose 
contours. 

All these physical improvements make possible many 
alterations and refinements techniques developed for 
200 therapy, and some methods quite inapplicable 
200 have been introduced. There one other factor 
which has brought in, out sequence, before 
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Tissue Depth cm. 
tissue depth cm. 
tissue dose rays 
tissue dose 200 rays 
Ratio the tissue dose with DC. rays (9.0 mm. 
HVL) with 200 DC. rays (2.0 mm. HVL) for the 
same input skin dose 100 cm. FSD and various field sizes 


Abscissae 


Ordinates ratio 


possible discuss alterations treatment technique, viz., 
skin reaction. 
Alteration Skin Reaction 

Tests were carried out corresponding skin surfaces 
patients with x-ray beams identical dimensions under the 
same physical conditions except for the beam qualities. 
The control beam was one 300 (3-35 mm. HVL), 
while the experimental beam was 1,000 (10 mm. 
HVL). The dose required one sitting produce the same 
skin reaction was 50°, greater with the 1,000 than with 
the 300 beam. Theoretically, only part this alteration 
skin response can accounted for the reduction 
the photoelectric absorption the sulphur the skin with 
the shorter wavelengths, the remainder being 
unexplained, unless due radiosensitivity change. 
The results conform well with those encountered gamma- 
ray treatment. This reduction skin response also opens 
improvements technique, but more especially makes 
possible reduction the skin reaction which has 
undoubtedly indirect effect the patients’ well-being, 
during and after treatment. 


Modifications 200 Techniques possible employing 
Million-volt Rays 

Whereas was impossible employ small fields the 
treatment small lesions buried deep the body (e.g., rectal 
carcinoma), owing the poor depth-dose such fields, 
1,000 kV, becomes possible and economical employ 
multiple small fields, even through the remote skin 
surfaces. 

intrinsic carcinoma the larynx, customary and 
necessary 200 employ three fields—two opposed 
laterals, and anterior field. 1,000 only the two 
opposed laterals are necessary, which simplifies and increases 
the accuracy the technique. 

this type case with two opposed beams, found 
that blocks tissue cm. thick receive nearly uniform 
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irradiation throughout two opposed million-volt x-ray 
beams. 

beams angulated three dimensions (spinal cord and 
bladder). far, 1,000 kV, has not been found necessary 
employ such beams except few brain cases where the 
eye has avoided. Setting beams accurately three 
dimensions and calculating the necessary isodoses 
difficult process, and one which should avoided unless 
the most elaborate equipment and calculating devices are 
available. 

Where originally 200 was quite impossible 
attain uniform and sufficient dose owing the patient’s 
size (e.g., carcinoma the breast large woman), even 
with the small increase depth-dose large beams 
1,000 kV, few cases have been encountered where 
impossible administer greater uniform dose the 
lesion than the skin. 


Where, 200 kV, lesions have had approached 
beams through organs, the damaging which incapaci- 
tates the patient (e.g., glancing beams carcinoma the 
oesophagus damaging lung-tissue), kV, most the 
lesion-dose can, because the increase depth-dose and 
the reduction skin response, contributed the anterior 
and posterior fields, leaving only small portion 
administered the glances through the lung. 


FIG. ISODOSES TRANSVERSE SECTION 
CARCINOMA THE RECTUM 


Post. * 


with DC. rays with 1,000 DC. rays 
2.0 mm. Cu) (HVL 9.0 mm. Cu) 


Comparison the Physical Data obtained for Treatment 
Carcinoma the Rectum 


Fig. gives the cross-section outline the level the 
pubic crest the case carcinoma the rectum. This 
case has been chosen because shows very well many 
the advantages million-volt therapy, when compared 
200 therapy. The case treated with ten cm. 
beams the angles indicated, each field being given 100 units 
rays the skin. the left half the section 
the isodose the case treated 200 with the usual 
cm. FSD and Thoraeus filter. the right-hand side 
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the isodose the patient treated 1,000 100 cm. 
FSD, mm. lead filter (HVL 9-3 mm. Cu). 

The differences are obvious. The lesion, which small 
one, surrounded the 370% contour 1,000 and 
the contour, approximately, 200 kV, indicating 
improvement with 1,000 rays the lesion-dose, 
for the same input-dose each field. Outside the lesion 
dose declines rapidly 1,000 kV, whereas 200 kV, 
even the skin, the dose still the lesion-dose, 
unnecessarily causing damage normal tissue and disturb- 
ances the patients. The maximum skin dose the same 
both cases. If, now, 6,000 given the lesion 
weeks, the following results are obtained 


Data 1,000 kV 200 kV 


Lesion-dose weeks) 6,000 6,000 
Dose per field. 1,620 2,400 
Maximum skin-dose 3,400 5,030 


lesion, 200 kV, since the skin dose probably above 
tolerance, also the dose per day high and would impair 
ihe patient’s vitality. The integral dose measure the 
lose absorbed the patient, being the sum the products 
volumes tissue and their respective doses. 
the upper limit and doubtful many patients 
would survive 

Similar conclusions can arrived for other lesion-sites, 
and matter routine all cases are isodosed million 
volts, each case being treated individual case with its 
individual problems. 


Effect the Variation Density through the Body 


Considerable investigation has shown that 200 the 
isodose curves calculated for treatments have always erred 


FIG. -PIN-AND-ARC DEVICE 


the optimistic side, particularly where beams have had 
pass through bone. 200 particular skull absorbed 
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FIG. DEVICE FOR MEASURING THE ANGLE 
LINE JOINING TWO POINTS 


more than the same thickness tissue, while 1,000 
there was only more absorption. This would mean 
that the treatment brain tumour 200 the 
lesion-dose might least lower than calculated. 
particularly bad case came light investigation into 
distribution, the course post-operative radiation 
carcinoma the breast, where, 200 kV, the measured dose 
was 1/3 that calculated, mainly due the fact that the 
angles the beams, that particular point, were the same 
the ribs. 

million volts, discrepancies have been small and rarely 
more than 10%. This may partly due the fact that 
little the dose depth depends scatter, and the 
surrounding conditions not therefore affect the dose 
any appreciable degree. 

Because these discrepancies, there sometimes 
tendency feel that the complicated and sometimes 
laborious calculation the theoretical distribution 
radiation unnecessary. must pointed out that the 
cases quoted are the worst encountered and that unless 
investigations commence from some mathematical basis, 
particularly when analysing group similar cases, will 
impossible draw any dosage conclusions, attempt 
models simulate the actual patient and solve the 
troublesome features mathematically. million volts 
the variations are disappearing, and assessment results 
different geometric methods treatment considerably 
helped full physical investigation. 


Aids Accurate Technique 

The light-beam indicating the position and size the 
x-ray beam can made travel along the axis the tube 
and, rotation the outer sheath the tube, right- 
angles the tube-axis. These two movements are often 
assistance, giving accurate idea many cases the 
position the emergent beam. Beam direction has been 
kept simple possible, there being three-dimensional 
angulation beams can avoided, and the patient 
either parallel right-angles the tube-axis. The 


angular directions, while very simple device’ used for 
measuring the angle space the line joining two points 
patient. This takes the place emergent pointer, 
which, any use, must really rigid, difficult 
mechanical problem the relevant distances. Instead, 
the ingoing and outgoing points required are marked and their 
angle measured directly and set the tube. 


X-ray photography 1,000 patients has served 
further check arrangements, the films obtained being 
quite readable, and various bony markings just being visible. 
The films are slightly improved mm. lead placed 
between the patient and the film. This tends eliminate 


4 The pin- -arc device is, in effect, a protractor, ona 
with its centre removed and a retractable central pointer fitted. In the sketch 
(Fig. 6), the pointer is shown dotted at the centre of the protractor (point A). 
Rays are marked on the protractor panel at one-degree intervals radiating from 
\. with zero vertical. The protractor is set in the correct position with the aid 
of a plumb-bob attached at the right-hand top corner. If it is required to direct 
the centre of a beam at a definite angle through a point inside a patient, the 
location of this point relative to a skin-mark vertically above it being known, 
the device is used as follows. In the sketch the point to be aimed at is A, and 
it is, say, 9 cm. below the skin-mark B. The retractable protractor central point 
is raised 9 cm. from its zero point, as indicated on the scale at C, and the device 
is arranged so that the point is in contact with the skin-mark B. The point A 
in the patient is then at the centre of all the protractor rays and, if the required 
angle is produced backwards onto the patient's skin, the central point of entry D 
of the x-ray beam is obtained. The depth (AD) of the point A from the central 
point of entry (D) of the beam is obtained by measuring the distance of D from 
a 30 cm. arc E, inscribed on the protractor from the centre A. (AD = 30 cm. 
less DE cm.). 


» See Fig. 7. A hoop, U-shaped, is fitted with a fixed point A, and an adjustable 
pointer B on the other arm of the hoop, adjustable so that the distance between 
A and B can be varied. On the hoop is fitted a protractor and plumb-bob C. 
which reads 0 degrees when AB is vertical. If in the sketch the centre line of a 
beam has to enter at A and emerge at B on a patient’s head, the hoop-points are 
adjusted to these points and the plumb-bob protractor reading is taken. This 
gives the angle required relative to the vertical. With the known divergence ot 
a beam’s edge the device can also be used if the required in-and-out positions 
of the beam-edge are known. 
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Within few years the discovery rays and 
had been established that the rays might injurious 
the health the user. Many workers, through ignorance 
indifference, developed burns and dermatitis, whilst some 
even lost their lives. 1915, following discussion 
protection for x-ray workers, the Society devised 
set suggestions regarding safety-measures, but during 
the next few years, due either continued indifference 
the workers large increase the amount x-ray 
work undertaken hospitals result the war 
1914-18, there occurred series fatalities which greatly 
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the scatter. The softer the scatter, the more obliterates the 
detail, since the film-response greater for the longer wave 
lengths. The film should given This technique ha: 
been particularly successful carcinoma the rectum. 
where lead-loaded catheter the rectum indicates the 
required features. 


Conclusion 


Even with the limitation that 200 techniques have 
followed, significant differences favour 
therapy have been found the treatment certain cancers 
e.g., maxilla and breast. There are striking differences 
carcinoma the rectum, where, least third the 
cases treated one volts, disappearance the 
growth has occurred, while 200 extremely rare 
this type cancer show any response all (Phillips, 1945). 


Whether the improved clinical results the types men- 
tioned are directly due the change wavelength the 
bombarding rays, the improved and simplified arrange- 
ments made possible the physical properties these rays. 
impossible say, the two effects cannot separated. 
However, both the physical and clinical results are such that 
they lend support the view that further increase voltage 
the million-volt range, likely give still better 
clinical results. 
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disturbed public opinion. This led the formation 192! 
the British X-ray and Radium Protection 
which issued its preliminary report (Memorandum No. 
July, Other committees were set about the 
same time other countries, e.g. the Safety Committee the 
American Roentgen Ray Society, and the Commission 
Radium, initiated the Académie Médecine. 

The preliminary report the British Committee not 
indicated the way ensure efficient protection against rays 
and radium gamma rays, but also drew attention the 
necessity for suitable working conditions, condemning the 
practice locating x-ray departments below ground-level 
where natural lighting and ventilation were often inadequate. 
Memorandum No. issued the committee December. 
1921, heads x-ray departments hospitals and other 
institutions were strongly advised safeguard themselves 
and their staffs insisting upon inspection their depart- 
ments, and the various protective appliances, the 
National Physical Laboratory. 


Influence Early Protection Recommendations the 
Design Sets 
The British Committee insisted that primary precaution 
all x-ray work was surround the x-ray tube com- 
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pletely possible with adequate protective material. lead 
had high absorptive value and was easily procurable and 
workable, became the common practice place the tubes 
lead-lined boxes. These were, however, heavy and clumsy, 
and hindered the radiologists their work. Accordingly, 
efforts were made reduce the size and weight, without 
sacrificing any the protection. These efforts led the 
introduction the so-called self-protected tube, which 
the first example was produced N.V. Philips’ Gloeilampen- 
fabrieken, Eindhoven, Holland (Bouwers, 1924). The main 
body the tube was chrome-iron cylinder, which 
was sealed directly. Surrounding the cylinder was lead 
sheath sufficient thickness absorb practically all the 
primary radiation from the target, with the exception the 
useful x-ray beam. 

Another unsatisfactory feature early x-ray tubes and 
high-tension generators was the risk electrical shock 
associated with their operation, since various parts the 
equipment, working several thousand volts, were often 
exposed. The British Committee suggested various precau- 
tionary measures, such the introduction earthed metal 
guards, the reduction the high-tension conduit system 
minimum, and the mounting the overhead conductors 
high possible, out harm’s way. These measures, 
though obvious, had not previously been generally adopted. 
further advance was made regard high-tension 
protection enclosing the tube and transformer single 
container and immersing them oil. Generally speaking, 
such units were somewhat limited regard movement. 
1928, Bouwers designed shock-proof equipment which 
overcame this disadvantage. The tube was mounted 
earthed case and connected the high-tension generator 
means shock-proof cables. This permitted the tube 
freely moved with respect the generator. recent years, 
particularly with super-voltage x-ray equipment, operating 
voltages million volts more, there has been 
reversion the scheme enclosing the tube and generator 
single earthed metal tank. Reduction the size the 
apparatus has been achieved using freon gas (Charlton, 
Westendorp, Dempster Hotaling, 1939) air (Trump, 
Van der Graaff Cloud, 1940) under high pressure the 
insulator. 

Incidentally, the shielding high-tension parts has led 
improvements another aspect safeguarding the health 
x-ray workers. had early been observed that workers 
x-ray departments complained headaches and exhaus- 
tion, and inflammatory conditions the respiratory 
tract. These effects were attributed nitrous fumes and 
ozone, generated brush-discharge from sharp angles and 
points the high-tension system. Subsequent experiments 
indicated that such effects irritable cough, exhaustion, 
and blood-changes occurred the ozone content the air 
exceeded 0-5 mg. per was concluded that the effects 
observed x-ray workers bore great resemblance the 
symptoms ozone poisoning. Clearly, the introduction 
shock-proof systems, with the consequent elimination 
brush-discharge, led further improvement working 
conditions. 


International Recommendations 


the first international congress radiology, held 
London 1925, the question international agreement 
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the main principles protection was discussed. Three years 
later, the second international congress, held Stockholm, 
the British Committee submitted its recommendations 
basis for agreement, and these were accepted with but few 
changes. The International Commission (1937) stated that its 
recommendations were designed deal only with the more 
essential matters involved, minor questions detail being 
left each country elaborate. The question seeking 
legal authorisation for such recommendations left each 

Most countries have, now, preferred not take 
legislative measures. Great Britain, the safety measures 
recommended the British X-ray and Radium Protection 
Committee (1943) receive the support State Departments. 
such the Ministry Health and the Ministry Labour 
and National Service, but those charge x-ray and 
radium departments are not compelled adopt the safety 
measures nor submit inspection their departments 
the National Physical Laboratory. The recommendations 
have, however, general, been followed 
authorities and factory managements, whilst the manu- 
facturers x-ray equipment have played important part 
the progressive improvement conditions designing 
equipment and departments conformity with the com- 
mittee’s proposals. may mentioned that the Ministry 
Labour and National Service issued Order No. 703 
ist April, 1942, regarding the health and safety-provisions 
for factory workers engaged the use radioactive luminous 
compounds. The Order does not, however, specify any 
tolerance-doses, and the inspections luminizing depart- 
ments which are carried out the National Physical 
Laboratory behalf the Ministry are based upon the 
tolerance-doses suggested the British Committee. 

the United States, safety recommendations are prepared 
the Advisory Committee X-ray and Radium Protection 
(U.S. Bureau Standards, 1936, 1938). 


Tolerance-doses for Radiations 


particular poison can tolerated without ill effects. The 
same position holds for ionizing radiations all 
particularly those more penetrating character, since 
complete protection against them is, the light practical 
considerations, impossible. any protective schemes 
can formulated sound basis, necessary survey 
the various types work undertaken with ionizing radiations 
and have complete knowledge the ill effects which such 
radiations can produce. further necessary know what 
quantity each type radiation person can receive 
continuously without suffering any ill effects. This quantity 
called the tolerance subsequent task formu- 
lating the scheme try express the particular tolerance- 
dose terms specifiable and reproducible biological 
standard, which turn can, for preference, measured 
terms physical unit. 

the present protective schemes can said that they 
are built sound basis existing knowledge the ill 
effects various radiations permits. more evidence 
regarding blood-changes and genetic effects comes light, 
may necessary amend the present estimated tolerance- 
doses and, consequently, the protective schemes themselves. 
regards the effects rays, clinical observations 
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different countries led various estimates the tolerance- 
dose terms somewhat uncertain surface biological 
effect, namely, the erythema. average value the 
figures published between 1925 and 1928 indicated that 
person could tolerate dose days corresponding 
1/1,000th the amount radiation required produce 
erythema. Meanwhile, work had been progress with 
view establishing physical unit for the measurement 
quantities radiation. 1928, the (r) was 
accepted internationally the unit x-ray quantity. 
Shortly before this, Kiistner (1927) circulated questionnaire 
number institutions which were using deep-therapy 
apparatus (which, the time, operated mainly 200 kV), 
asking them state the amount radiation which produced 
erythema. The average the values given Kiistner, 
when translated into réntgens, was 600 The tolerance-dose 
per day. This value present accepted the basis the 
recommendations the International and British Com- 
mittees. the other hand, the American Advisory 
Committee X-ray and Radium Protection take value 
per day the tolerance-dose. 

the fifth international congress radiology, held 
Chicago 1937, the definition the was modified 
such way that became unit gamma rays well 
rays. regards the tolerance-dose radium gamma 
rays, the early evidence indicated that was likely 
the same order magnitude that for rays. Accordingly, 
find that the current recommendations the Inter- 
national and British Committees state that the evidence 
present available suggests that person normal health 
can tolerate with impunity exposure rays and radium 
rays extent about 0-2 international 
per day per this respect, the American 
Advisory Committees have again chosen the lower tolerance- 
dose 0-1 per day. 


Integral Dose and Tolerance 


will seen that the present tolerance-doses are expressed 
terms the radiation falling upon the surface the body. 
has been emphasized Mayneord (1940) and others 
that the total quantity energy absorbed throughout the 
called, considerable importance, both physically and 
clinically. given dosage-rate radiation (expressed 
per unit time) incident upon the surface the 
body, the dosage-rates various depths the body will 
greater the more penetrating the radiation. follows, 
therefore, that the integral dose per unit surface-dose will 
depend the quality the radiation. 

suggested unit integral dose the 
which the quantity energy absorbed when 
Clarkson (1944) have drawn attention the possible 
importance integral dose protection problems. For 
with added filter; mm. Cu), they find 
that the integral dose the order 13,000 
per rOntgen measured the patient’s anterior surface. For 
rays excited 200 (Philips’ therapy tube with mm. 
added; HVL mm. Cu), the value about 


| (Half-value layer ; see footnote on p. $1.) 


46,000 per surface Again, for 1,050 
rays (Metropolitan-Vickers’ tube with filtration 
10-4 mm. Cu), the integral dose 51,000 g./réntgens per 
surface whilst for radium gamma rays (filter equiva- 
lent Pt; HVL 16mm. Cu), the value 59,000. 
This variation the integral dose indicates that may, 
future, necessary express the tolerance-dose 
gamma radiation terms the integral dose, measured 
rather than terms the surface-dose, 
measured Alternatively, since practice 
will the surface-dose which likely measured, 
may necessary adopt different values the tolerance- 
dose, expressed for various qualities radiation. 


Genetic Effects 


this stage would well consider briefly the effects 
ionizing radiations genes and chromosomes and the 
influence which this knowledge may have fixing limits 
the amount radiation which person should given. 
known that all types ionizing radiations produce 
mutations, either the individual genes the chromo- 
somes, the rate mutation being linearly proportional 
the amount radiation received. That say, matter 
how small the given dose, there chance that mutation 
may occur, although that chance will very small. There 
is, therefore, such thing tolerance-dose for genetic 
effects, one interprets the phrase tolerance dose its 
ordinary sense, namely, that the human body suffers ill 
effects from such dose. The genetic effects radiation are 
accumulative and irreversible since, apparently, the mutation 
gene leads another gene which equally stable. 

the majority hereditable changes are recessive 
character, any inherited qualities not become evident 
unless mutated gene meets another like itself. Muller 
(1941) has calculated the chances the meeting two genes 
originating from independent mutations and has found that, 
the average, least 30, but more probably 100, genera- 
tions would pass before recessive abnormality seriously 
harmful nature would manifest itself this process. There 
Muller has also calculated the chance the meeting two 
genes descended from the same original mutated gene, taking 
into account the degree inbreeding. found that the 
latent period this case the order 5,000 years. 
should mentioned that spontaneous gene-mutations 
occur naturally, and that these may produced the 
effects natural radioactivity. 

Ignoring the ionization produced the radioelements 
the air, since the ions are largely due alpha rays, which 
can have little effect the body, can shown that the 
remaining ionization due cosmic rays and beta and 
gamma rays from radioelements the air (Hevesy Paneth, 
1938) corresponds dosage rate per sec., 
all spontaneous mutations are caused natural radiation 
—and this fact has not been established—then the natural 
mutation-rate can said correspond the irradiation 
the whole human race throughout past ages the rate 
0-07 per year, that is, doses during the lifetime 


2 [See also Catcheside, D. G., ‘ Genetic effects of radiations’”’ (BMB 800) in 
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each person. then, from now on, only fraction—for 
example, the race exposed ionizing radiations, 
either workers patients, seems logical deduce 
that the natural mutation-rate would the most only 
doubled even each person this minority received, the 
average, 500 his lifetime. 

assessing the permissible dose which base future 
protection schemes, will necessary know what fraction 
the race subjected artificial radiation and what 
increase the spontaneous mutation-rate 
offsetting the degree race-degeneration against the benefits 
bestowed radiation. does appear, however, that the 
made earlier paper Muller (1939) that the 
should reduced per sec. much too 
Assuming working week hours, and 
weeks per year, conformity with the International 
and British Recommendations, Muller’s figure corresponds 
per year, which slightly less than the natural radia- 
ton intensity. Hence, the whole human race were exposed 
additional intensity per sec., the mutation-rate 
would not doubled. 

The regulations the Berufsgenossenschaft fiir Gesund- 
heitsdienst und Wohlfahrtspflege recommend that, for the 
genital organs, the daily dose should not exceed 0-025 
one-tenth the ordinary tolerance-dose accepted 
the German X-ray Society. Jaeger Zimmer (1941) 
considered that, the number workers using ionizing 
radiations was still relatively small proportion 
the total population, even this value 0-025 per day 
represented very cautious attitude. 


Risks Inhalation Ingestion 

now turn the consideration other classes 
radiation workers, namely, those who may suffer injury from 
radioactive materials which have been inhaled ingested. 
regards radon, the British X-ray and Radium Protection 
Committee recommend that “the radon the air 
laboratory, factory, workshop other working quarters 
should not exceed concentration curie per litre.” 
regards radium the body, the Committee recommend 
that if, after the person has remained away from work for 
hours, radon then found concentration even 
curie per litre, presumptive evidence radium 
the body and the operator should once discontinue such 
work.” the National Bureau Standards Handbook 
H.27 the Safe handling luminous compound, much lower 
tolerance-levels are advised, namely, the radon concentra- 
tion the atmosphere workrooms shall not exceed 
curie per and one shall engaged 
dial painter who shows more than 0-1 microgram deposited 
radium revealed the expired air stated that 
the latter figure corresponds curie radon per litre 
expired air. Assuming that the tidal respiratory volume 
per minute litres, can calculated that, all the radon 
formed from 0-1 radium the body appeared the 
breath, the radon concentration the expired air would 
per litre. The American figure 
curie per litre thus assumes that the radon liberated. 
the same basis, the British figure curie per litre 

must mentioned, however, that the ratio the 
liberated the trapped radon varies considerably, not 
wholly relation the length time during which the 


radium has been deposited. examining luminizers, the 
National Physical Laboratory therefore measures not only 
the exhaled radon but the gamma radiation from the disinte- 
gration-products the trapped radon, this the only way 
which assess accurately the total amount radium 
the body. 

There much conflicting evidence regarding radium 
poisoning 

Evans (1943) reported that persons carrying between 
symptoms chronic radium poisoning. 
examples can quoted from the results tests made 
the National Physical Laboratory workers who 
have been engaged luminizing for periods 
years. one case, person who worked full time 
actual luminizing for years was found have 
0-7 radium her body, and there were apparent 
ill effects. 

ii. Opposed the above the evidence that fatalities 
have occurred when the radium burden was above 
1-2 ps. 

The amount radium the body 
between 0-01 and 0-015 Expressing this another 
way, Jones Day (1945) calculate that the normal 
radium content the body produces 0-025 10" ions 
per cm.* tissue per sec. For comparison purposes, 
they show that the radiation tolerance-dose per 
week produces ions per per sec., 
whilst radon concentration curie per litre 
the atmosphere produces only 0-00008 10° ions 
per per sec. 

iv. The air the Joachimstal mines contains from 
occasionally much 200 curie per litr has 
been measured. Yet lung carcinoma among the miners 
attributed the dusts arsenic and chromium, and 
not the radon. 

These conflicting facts indicate that much more evidence 
required before the tolerance-doses for radium the body 
and for radon and radium dust the air the workshop 
can regarded satisfactory. 


Neutrons 


There another type ionizing neutron— 
against which adequate protection must found. The 
neutron approximately the same size the proton (the 
nucleus the hydrogen atom), and the two collide, the 
neutron surrenders large part its energy the proton, 
which recoils along short path. Neutrons are thus effec- 
tively slowed down hydrogenous material, such tissue. 
The recoiling protons produce ions the tissue, the ion- 
density along the proton track being far more intense than 
along the tracks the electrons which are liberated tissue 
the passage gamma rays. 

have been made the biological effects 
rays, alpha rays, gamma rays and neutrons (Gray, Read 
Poynter, 1943; Lea, 1940). These raise the 
problem the measurement neutron doses. Since neutrons 
liberate far more ions tissue than the same mass air, 
not possible measure neutron doses directly 


* [See also Gray, L. H., “‘ Comparative studies of the biological effects of x rays, 
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The accepted practice define equivalent 
neutrons the dose which produces the same 
number ions per unit volume tissue dose 
found that the ratio gamma-ray energy the neutron 
energy required produce biological reaction varies from 
about according the reaction studied. the 
other hand, the ratio x-ray energy gamma-ray energy 
shows much smaller variations, the average value being 
about Clearly, further experiments will have made 
before tolerance-dose for neutrons can established. 

Reference made Smyth’s report Atomic energy 
(1945), the fact that the National Defense Research 
Committee the United States set health group, one 
whose tasks was carry out research the effects 
radiations persons engaged the operations associated 
with the atomic pile. The results the investigations the 
group have not yet been announced, but doubtless the 
knowledge radiation effects will have been greatly 
ncreased. 


Elaboration Protective Schemes 


When the tolerance-dose for particular type radiation, 
say, radiation, has been established and measurable 
terms physical unit, the subsequent procedure deter- 
mining the protection any instance measure the 
dosage-rate the radiation received specified point 
terms the unit adopted, determine the transmission- 
values the radiation through various thicknesses various 
absorbing materials, and finally calculate the thickness 
the chosen absorbent which required reduce the trans- 
mitted radiation received the point question the 
tolerance-dosage-rate. 

well known that rays and radium gamma rays are 
absorbed more effectively lead than any other common 
material. Hence lead lead-impregnated materials, such 
rubber and glass, have generally been used secure protec- 
tion. also customary express the required protection 
terms lead and determine the lead-equivalents 
other absorbents. 

When using x-ray equipment, steps must taken safe- 
guard the operator against three types radiation. the 
first place, the tube itself must protected all directions 
other than that the useful beam. Secondly, the direct 
beam pointed the operator, often the case 
screening patient object, protective barrier must 
placed front the operator. Thirdly, since all objects 
which are placed the path the direct beam scatter the 
radiation all directions, the operator must protected 
against this secondary radiation, either means 
protective barrier relying remoteness from the 
scattering objects. 

Many papers have been published regarding the outputs 
x-ray tubes operating under various exciting conditions. 
The results have been summarized Kaye Binks (1940) 
and Binks (1943) for exciting voltages million volts. 
For tubes with targets, that is, where the 
radiation emitted right-angles the electron stream, 
the outputs with filtration mm. copper are 
r/min./mA metre over the range 
200 kV, whilst with filtration 0-5 mm. copper, the 


the range 200 million volts. For tubes with trans- 
targets, that is, tubes which the direction 
the x-ray beam continuation the electron stream, the 
x-ray outputs with filtration mm. copper 
600 million volts. 

Turning the corresponding question the 
outputs from known quantities radium sealed container, 
having screenage equivalent 0-5 mm. platinum, the 
Outputs can calculated the basis that the quantity 
radiation received hour cm. from point source 
mg. radium about For distances other 
than cm., the calculations are based the inverse square 
law radiation. 

The preceding data x-ray and gamma-ray outputs refer 
the intensities the direct beams. Far fewer measure- 
ments have been made the intensities scattered radiation 
(Binks, 1943), but one two examples will illustrate the 
magnitude and importance the intensities scattered 
radiation encountered practice. The dosage-rate the 
side patient who screened the couch position 
usually the order per sec. The daily 
tolerance-dose 0-2 would therefore received just 
over minutes, which about the time taken one patient 
only. Hence the need for protective screen the side 
the couch. the case x-ray therapy, the intensity 
the scattered radiation metre the side patient, 
and having filtration mm. copper, about 
secs. 

The absorption direct and scattered rays and gamma 
rays various materials has been determined 
workers many countries. For direct rays excited 
voltages million volts and for radium gamma rays. 
theoretical values have also been obtained (Kaye Binks, 
1940) for absorption lead and for the lead equivalents 
barium concrete. 


From knowledge the outputs x-ray tubes, working 
under various conditions excitation, and from knowledge 
the degree absorption the rays lead, simple 
step calculate the thicknesses lead required reduce 
the radiation any point the tolerance amount. Binks 
(1940) has prepared simple nomogram, relating kilovoltage. 
milliamperage, distance and the amount lead protection. 
means this, possible find the amount lead 
required give adequate protection for any tube voltage 
between 200 and million volts, for any tube curren 
between 0-5 and mA, and for any distance from the tube 
between 0-5 and metres. similar nomogram has been 
prepared (Binks, 1943) for the determination lead protec- 
tion against radium gamma rays. The corresponding 
protective thicknesses other materials, such brick. 
concrete and barium concrete, are also known (Kaye, Binks 
Bell, 1938). 


During the war there was rapid increase the 
workers engaged luminizing instrument-dials and 
the average quantity radioactive luminous compound 
handled each worker. previously mentioned, the 
Ministry Labour and National Service issued Orcer 
April, 1942, giving fairly detailed instructions employers 
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and employees regarding the protective arrangements which 
are adopted luminizing departments. The main 
features are 

Protection against gamma radiation from the radium 
paint issued each operator and against gamma 
radiation from the main stock luminous compound 
possessed the firm: 

ii. Protection the exposed parts the body against beta 
radiation. Each operator work behind lead-glass 
screen, thus preventing beta radiation from the luminized 
object from reaching the face. 

Local ventilation each working bench, remove 
radon and radium dust from the vicinity the operator. 

iv. General ventilation the workroom remove radon 
and radium dust. 

Provision special clothing for use the workroom. 

vi. Periodical cleaning bench-tops and equipment. 
vii. Personal hygiene. 

Similar proposals were put forward America the 
Bureau Standards’ Handbook H.27. 

Reference has already been made the fact that neutrons 
can decelerated hydrogenous materials and are ulti- 
mately reduced thermal velocities. The thermal 
are easily absorbed, capture processes, 
elements such cadmium and boron which, turn, become 
temporarily radioactive. this phenomenon find 
method protecting personnel against neutrons, produced 
heavy particles accelerated apparatus such the 
cyclotron. Tanks water metre thick, stacks 
paraffin-wax blocks about cm. thick, are placed 
round the neutron source, most the slow neutrons being 
absorbed salts cadmium boron introduced into the 
water wax. Any gamma radiation which liberated 
absorbed final sheet lead. 


Tests Radiation Workers and Inspections 
Radiological Departments 


Since the introduction the first report the British 
X-ray and Radium Protection Committee, the National 
Physical Laboratory has continued carry out inspections 
radiological departments. measurements are 
made all points likely occupied personnel and, 
the dosage-rate any point found excess the 
tolerance-amount, methods remedying the defective equip- 
ment improving the technique are suggested. 

During the war, the Ministry Health was disturbed the 
increasing number reported cases low leucocyte- 
counts and, towards the end 1942, consulted the Labora- 
tory with view the establishment dosage-service. 
the basis many years’ experience gained the use 
photographic films for monitoring the doses radiation 
received members its own staff, the Laboratory 
organized dosage-film service behalf the Ministry. 
Later the service was extended workers Scotland and 
Northern Ireland. March, 1943, the Factory Depart- 
ment the Ministry Labour and National Service 
circularized industrial radiological departments, advising the 
managements make use the same film service. 
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the present time, nearly 2,000 medical workers 
about 550 hospitals and nearly 1,000 industrial workers 
about 150 firms have been examined the film method, 
many the workers having been tested three-monthly 
intervals, and few continuously. The results show that 
over hospital x-ray staffs and over industrial 
x-ray staffs receive less than one-tenth the weekly tolerance- 
dose. When film test indicates that the wearer has received 
excessive dose and the result has been confirmed 
repeat test, the Laboratory sends representatives inspect 
the radiological department concerned. some cases 
found that the equipment defective others, that the 
technique faulty. But should remarked that has 
been found necessary inspect only hospital x-ray depart- 
ments and only industrial x-ray departments. There 
appears need, therefore, for alarm regarding the low 
leucocyte-counts. Indeed, Britton (1943) found low 
leucocyte-count the 552 counts apparently- 
healthy nurses not exposed radiation. stated that this 
appeared war-effect unknown cause. 

The which are issued radium workers are half 
covered with sheet lead mm. thick, which absorbs any beta 
radiation. The shielded half the film thus records the 
gamma-ray dose, whereas the unshielded portion records 
both beta and gamma radiation. the case luminizers, 
has been found that there large beta-ray effect, and 
subsequent inspections many the departments have 
that most the dose due contaminated benches 
and clothing. the majority cases, the total doses are 
now well below the tolerance level. 

seems possible use the film technique for the measure- 
ment neutrons which fall the body. Fast neutrons 
would slowed down the tissue and would evaporate 
from the surface the body with thermal velocities. the 
film covered with thin foil of, say, cadmium, rhodium. 
indium, which have high-capture cross-section, these 
elements would capture the neutrons, becoming radioactive 
and emitting ionization radiations which would blacken the 
film. The radioactivity should, preferably, short-lived, 
that there would need take into account the lapse 
time between the initial irradiation the film and the 
photographic development. 

The inspections luminizing departments also include 
tests the radon concentration the air the workrooms, 
and tests the radium the bodies luminizers, part 
the radium being assessed means the alpha rays from 
the radon contained the exhaled air and part means 
the gamma rays from the subsequent disintegration-products 
the radon trapped the body. Similar tests have been 
carried out Jones Day (1945). 

will apparent from the foregoing review that, whilst 
there much learned about the tolerance-doses for 
various types ionizing radiation, and whilst there 
ever-growing number radiological workers using ever- 
widening range man-made radiations, sufficient experience 
has already been gained able tackle the new 
protection-problems with high hopes evolving effective 
safety measures. 


British X-ray and Radium Protection Committee (1943) 
Recommendations, London 

Britton, (1943) Lancet, 289 

Hotaling, (1939) appl. Phys. 10, 374 


+. 


= 


— 


BRITISH MEDICAL BULLETIN 


Evans, (1943) industr. Hyg. 25, 253 
Gray, H., Read, Poynter, (1943) Brit. Radiol. 
16, 
Hevesy, Paneth, (1938) Radioactivity, London, 
282 


International X-ray and Radium Protection Commission (1937) 
International recommendations for x-ray and radium protection, 
Chicago 

Jones, Day, (1945) Brit. Radiol. 18, 126 

Kaye, Binks, (1940) Brit. Radiol. 13, 193 

Radiol. 11, 676 

Kiistner, (1927) Strahlentherapie, 26, 
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EXCHANGE DIAGRAMS 
AND DATA BETWEEN 
RADIOTHERAPY CENTRES 


scheme developed the Association 
Hospital Physicists 


JOHN READ, B.Sc., Ph.D. 


Honorary Secretary the Diagrams and Data Sub-committee 
the Association Hospital Physicists; 
Physicist, Radiotherapy Department the London Hospital 


Often graphs and diagrams which appear the literature 
are too small useful, and many workers would like 
have full-size copies the originals. Also, institutions 
accumulate diagrams, nomograms and data (some the 
latter the result laborious computation, e.g. Klein-Nishina 
coefficients) for their own use, which are not published, but 
would very useful others interchange copies 
could arranged. graph, table data, often repre- 
sents condensed form the results great deal work. 
The Association Hospital Physicists has therefore developed 
organisation which this exchange can effected. 

The Association has collected lists diagrams, data, 
etc., which institutions are prepared lend for reproduc- 
tion, and has classified them catalogue 213 such 
items. person desiring any copies these may apply 
the secretary the Diagrams and Data 
mittee for them. requests its loan from the owner, 
obtains positive and negative copy from firm which 
specializes such reproduction, returns the original 
its owner, and sends the copy the person who requested 
it. The negative retained the secretary for future 
use. not therefore necessary trouble owner for 
the loan diagram, etc., second occasion, which 
itself gain those who receive frequent requests for 
information. 

the present time many books, especially those foreign 
origin, are difficult obtain. The catalogue therefore con- 
tains list such books which the owners are willing 
lend for limited periods. The demand for authors’ reprints 
often exceeds the supply. start has therefore been made 
the collection negatives such reprints from which 
copies can produced. 


Lasnitzki, Lea, (1940) Brit. Radiol. 13, 149 

Mayneord, (1940) Brit. Radiol. 13, 235 

17, 177 

Muller, (1939) Schweiz. med. Wschr. 60, 845 

Muller, (1941) Science, 93, 438 

Smyth, (1945) Atomic energy, Washington 

Trump, G., Van der Graaff, Cloud, (1940) 
Amer. Roentgenol. 44, 610 

Standards (1936) Handb. Ser. U.S. Bur. Stand. 

Standards (1938) Ser. U.S. Bur. Stand 


The material the catalogue arranged four columns. 
The first gives classification-number for each item, the 
second description each item, the third reference 
number which, with key, indicates from which institution 
the item originated, and the fourth gives the dimensions 
inches. The classification numbers are each divided into 
blocks digits decimal points. The last block (to the 
right) gives all cases the number the item the smallest 
sub-group. The first block (to the left) gives the number 
the main classification-group. Further blocks give the num- 
bers sub- and sub-sub-groups. The classification, together 
with the number items which the catalogue contains 
each group, follows 

RAYS 
Isodose curves other than those contained in 
Professor Mayneord’s list (1943) 81 
2 Wedge field and other non-standard isodose curves ... eas ae 
3 Volume dose graphs and data. a 


4 Physical data relating tox radiation 


1. 
1. 
1. 
1.5 Miscellaneous 


RADIUM 

. | Radium bomb isodose curves 

2 Isodose curves and rules, graphs, etc., for dose calculation for 
radium sources :-— 


2.2.3. Disc and other plane sources ... 
2.2.4. Volume distributions 
2.2.5. Miscellaneous sources 


y Physical data relating solely to radium and gamma radiation 
(tabulated mathematical functions and associated diagrams are 
given under the main classification MATHEMATICAL dramas 

2.4 Miscellaneous 


YSICAL DATA 


Scattering and absorption data for radiation in general : 
3.1.1. Data relating to scattered radiation based on the + 


Nishina and Compton formulae ... ae ll 
3.1.2. Photo-electric absorption coefficients ... 
ER 3. Miscellaneous absorption and transmission data 7 


ty 


3. Energy absorption, properties of ionizing particles, distribution of 
ion pairs 

3.3 Data of biophysical interest (tabulated ‘mathematical functions and 
associated diagrams are given under the main classification 


3. 4 Miscellaneous i Re 


MACHINE DRAWINGS 
5. lonization chambers and 5 
$.2 X-ray apparatus 
5. 5 Miscellaneous 


the catalogue, can obtained from the secretary the 
Royal Cancer Hospital (Free), Fulham Road, London, 
1943.) 

All the classification numbers are preceded the letter 
which shows that the items are contained Catalogue 
December, 1944. intended issue other catalogues 
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from time time containing matter whichhas 
accumulated intervening periods. hoped issue 
Catalogue the near future, containing some 200 new 
items. The catalogue, and most cases the diagrams, etc., 
give the name the institution person from which each 
originates. This affords the same guarantee accuracy 
unpublished data must relied when 
are used, except, course, that has not been scrutinized 
the reading public. 

intended that the scheme shall financially just self- 
Accordingly charge made sufficient meet 
cost associated with each order, with small addition 
owards overhead expenses. The charges will adjusted 
‘rom time time balance income and expenditure. They 
vary with the size diagram extent typewritten data, 
far the average cost per item has been about 4s. 6d. 
£0.225]. Copies Catalogue can obtained from the 
honorary secretary cost 5s. [£0.25] each. 

During the first months operation the scheme, 
ever 200 items have been supplied some different 
Twenty-seven have been sent Canada and 


BOOKS 


prices quoted are those which obtain within the United Kingdom. 
journals who wish review publications which notices appear below are invited apply the Editor 


the secretary now possesses 118 negatives 
diagrams and copies data, that copies these can 
supplied without the delay borrowing the originals. 

The scheme obviously capable geographical extension. 
Copies Catalogue have gone Australia, Canada, 
New Zealand and the hoped that similar 
schemes will organized other parts the world, with 
co-operation between the groups. Perhaps will help, 
small way, the reconstruction radiotherapy the 
devastated parts Europe, since useful diagrams and data 
general applicability can quickly supplied. Britain, 
the scheme has been considerable service new radio- 
therapy centres, and physicists appointed hospitals for 
the first time. study the items subscribed the 
catalogue different centres shows that each places emphasis 
rather different aspect the work. The scheme facili- 
the pooling these somewhat divergent activities, 
that all can benefit from the special interests each. 


REFERENCE 
Mayneord, (1943) Brit. Radiol. 16, 388 


Editors overseas medical 


for review copies, which few are sometimes available. Orders for any the publications 
mentioned below may sent the Editor there are difficulties obtaining them locally. 
Publications may referred the numbers given the left each item, e.g. Book 
should noted that supplies all publications are limited and there can certainty that 
publications ordered requested for review will are classified accord- 
ing the Universal Decimal Classification and the classification number each publication 


TRAUMATIC SURGERY 


186 Acute Injuries the Head 617.51 


LIVINGSTONE LTD., 1945. xvi + 424 PAGES; 201 ILLUSTRATIONS. 
25x17 cm. £110s. [£1°5] 


publication second edition this within two 
years indicates its well-deserved popularity, and the author 
congratulated for his industry during period great 
stress. There almost inevitable tendency for text-books 
grow, and this edition about one half larger than the earlier 
one. deals very thoroughly with its subject and con- 
venient size. Further room can gained the future 
omitting unimportant material, such the illustrations the 
staff and country-side rehabilitation centre, the introductory 
remarks pathology and general descriptions 
casualties. One would like see more precise information 
about the use and value penicillin rather than whole 
paragraph concerning the accidental discovery its poten- 
The standard paper, printing and illustrations 
excellent, though some instances the details rays have 
seemingly suffered reproduction. 

The diagnosis closed injuries difficult but most 
attractive subject: the chapter dealing with this has been 
considerably enlarged—well justified its importance—and 
probably the best the book. Illustrative case-records have 
been inserted, which prove helpful, but they might have 
been pruned more vigorously. Fractures the skull are now 
dealt with separate chapter, and careful consideration 
given the importance otherwise closed fractures. 


given the 


Headache and dizziness, the two most frequent and troublesome 
post-traumatic symptoms, are dealt with great detail, and 
valiant effort made analyse the possible causes headache 
the light present knowledge. Although unfortunately there 
still much hypothesis this field, noteworthy that the 
author believes physical basis for most post-traumatic 
headaches, even there psychogenic factors well. Neurosis 
and psychosis after head injury are discussed, but traumatic 
intellectual impairment dismissed somewhat cursorily. One 
hopes that this omission will remedied the future. Intellec- 
tual deficit forms one the reliable criteria the degree 
brain damage, and upon its correct assessment largely depends 
the person’s successful replacement industry. especially 
this field that the neurological surgeon looks his colleagues, 
the neurologist and psychiatrist, for help and guidance. the 
diagnosis the sequelae the author gives the impression that 
the separation neurotic from other symptoms practicable. 
But this differentiation difficult and such doubtful 
value, that neuro-psychiatrists are now disinclined classify the 
symptoms these cases either organic psychogenic, but 
accept that both may operate—one the other possibly 
predominating—in given case brain injury. 

The activities rehabilitation centre, and post-traumatic 
epilepsy are each given chapter; would valuable 
include long-term results the surgical treatment epilepsy. 
the first edition, the final results head injuries occupied 
only page and half, but these have now been expanded 
fourteen this provides most useful analysis figures from 
various sources—including the author’s experiences. There 
also information about the prognosis focal sequelae, such 
defective vision and hearing, and the book concludes with 
entirely new chapter birth-injuries. 
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Technique Trauma: Planned Timing the 
Treatment Wounds including Burns 


MANN (MEDICAL BOOKS) LTD., 1945. 68 PAGES; 17 ILLUSTRA- 
TIONS AND 3 COLOURED PLATES. 25x 18cm. 15s. [£075] 


This book, from the Montreal General Hospital and McGill 
University, consists three articles published the Annals 
Surgery. Additional text and exhaustive commentary have 
been appended. 

The first article describes the principles upon which the 
method based and the practical details their application 
the burned patient. The second, published year later, reviews 
100 cases treated along these lines. includes case-histories 
and very frank and critical commentaries the management 
many the cases. also includes, page 33, number 
modifications the original plan outlined the first article. 
important that the reader’s attention should drawn 
this, since one the changes made the abandonment 
escharotics for body burns which are recommended the first 
article. This particularly important, since tabulated 
summary treatment recommending escharotics and intended 
ready reference all doctors and nurses (page 21), 
included the first article. revised table, from which they 
have been omitted, included the second article. The third 
article describes the application the authors’ method 
treatment wounds and infected surfaces. 

The method advocated designed anticipate the commonly- 
occurring complications burns and wounds. consequence, 
stress laid the importance timing all therapeutic measures 
correctly—of doing the right thing the right burns 
system general and local treatment elaborated anticipate 
shock, toxaemia, infection and disability from slow healing. 
Shock combated the usual methods. The burned surfaces 
are gently cleaned without anaesthetic. They are then 
covered with occlusive pressure-dressing and immobilized 
plaster cast. The pressure-dressing consists 
(tulle gras), backed with several layers gauze generously 
impregnated with sulphathiazole emulsion, and covered with 
thick cotton-wool pack. The use water-in-oil emulsion 
advocated since the molecular solubility the sulphathiazole 
the emulsion compared with solubility water 
alone only The emulsion yields its content 
sulphathiazole slow, even rate. Superficial burns are 
dressed after week. Deep burns are dressed 10-14 days 
under anaesthesia. Débridement' and grafting are carried out 
the same time. This method delayed débridement and 
primary are the only differences from the 
routine treatment burns Britain, the sloughs 
are usually allowed separate spontaneously and the grafts 
are applied afterwards day approximately). The extent 
and depth the burns modern warfare probably explain 
these differences. 

Wounds are treated the same general principles. The 
importance adequate therapy for shock and careful débride- 
ment are stressed. Primary suture and primary grafting are 
recommended for suitable cases treated within six hours 
injury. For others, sulphathiazole emulsion, 
occlusive pressure-dressings and plaster casts are used. Delayed 
primary suture and delayed primary grafting are undertaken 
the first second dressings, and days later. Secondary 
suture secondary grafting are undertaken soon possible 
for those cases not suitable for immediate delayed primary 
closure. The parenteral administration sulphonamide not 
recommended unless systemic complication such pneumonia 
supervenes. There mention penicillin. 

The book illustrates what can achieved team-work. 
Without the stimulus large numbers war casualties, and 
thousands miles from theatre operations, the authors 
have evolved method treatment identical principle and 
similar detail that use Britain to-day. The reasoned 


‘(On the use of the word débridement see footnote to BMB 703 and also Bull. 
War Med., 1945, 5, 422.—Ep.] 


methods are comprehensively summarized Green BMB 
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approach the many problems involved and the carefully- 
controlled clinical application the solutions these problems 


are exemplary and reflect great credit the staff the Montreal 
General Hospital. 
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188 The Tissues the Body. Introduction the Study 
Anatomy. 


Gros Clark. EDITION. OXFORD 
CLARENDON PRESS, 1945. 388 PAGES; 120 ILLUSTRA- 


The second edition this book makes timely appearance. 
First published 1939, the impact total war, whilst did 
not prevent its recognition book outstanding merit, did 
preclude its widespread adoption. Apart from the fact that 
opportunity has been taken bring the material date and 
improve the illustrations without any considerable expansion 
the text, the book remains much the same the first edition 

For many years the study anatomy has been 
the study the end-products tissue organization. Tradition 
and the limitations the time-table have given teachers and 
text-book writers alike opportunity deal with the 
structural organization the body dynamic process. 
book fulfils this long-felt want. Commencing with study 
the cell and short account the development the tissues 
the embryo, the author proceeds discuss connective tissues. 
cartilage, bone, muscle, the tissues the joints, blood, blood- 
vessels, lymphatic tissues, mucous membranes and glands, skin 
and the tissues the nervous system. The text lucid and 
illustrated with 120 diagrams. Although the book has beer 
written introduction the study anatomy the 
has taken the opportunity indicate the lines upon which ou: 
more recent knowledge has been obtained. this 
congratulated. The text remains concise and clear and 
stimulating and dynamic. outstanding that bridges 
the gap between the physiological histologist and the micro- 
anatomist. This book merits place the library 
student biology. 


The letterpress, illustrations and format are worthy the 
text. 


DENTAL SURGERY 


616.314-089 
Surgery for Dental Students 


Cosbie EDINBURGH, LIVINGSTONE LTD., 194 
284 PAGES; 194 ILLUSTRATIONS. 


This book wins golden opinions from all students who have 
handled and widely regarded the best book yet produced 
its own special field. text-book this type inevitably 
difficult decide what include and the depths which the 
various subjects are treated. 

The handling has general been good. The illustrations are 
many and the main excellent. impression that often 
the black and white photographs convey the point better than 
some the colour plates. The colour plate 
teeth would have been better inverted, since the upper jaw 
that represented. 

Inevitably slight differences outlook are liable between 
the general and the dental surgeon. Perhaps this accounts for 
the preference expressed for open ether the anaesthetic 
alveolar abscess, instead nitrous oxide preferred 
the dental surgeon. The author confused his discussion 
the treatment dental cyst, since the Partsch operation the 
lining left, not removed. 

more serious point difference arises the chapter dealing 
with cleft palates, wherein one finds the The most 
favourable period for operation [for cleft-palate repair] 
between eighteen and twenty-four From the stand- 
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point minimal speech defects, would seem desirable effect 
repair before the child begins speak, nearer therefore one 
vear than two years age. 

Another minor criticism arises under the heading Fractures 
the mandible,” wherein suggested that fracture the 
neck the condyle rare. One’s own experience indicates 
that this condition more frequent than suggested, but that 
not infrequently missed the general surgeon. One would 
have expected brief statement the use bone-chips -paste, 
described Mowlem and other workers, under the heading 
bone-grafts, rather than the method described. the 
syphilitic origin for the cusp Carabelli, this now 
widely regarded untrue. 

Such points criticism will almost certainly dealt with 
when second edition appears. 

This review would not without expressing word 
appreciation the effort the publisher. 

Chapter headings: (i) clinical examination (ii) the 
the tongue (iv) the buccal cavity (v) the salivary glands 
hare-lip and cleft (vii) alveolar 
osteomyelitis and necrosis the jaw (ix) tumours the jaw 
dental origin (x) tumours the jaw non-dental origin 
wounds and their treatment; (xiv) plastic surgery and 
deformities the jaw: (xv) lesions the face and scalp; 
neuralgia and other cranial nerve lesions; (xvii) the 
cervical lymphatic glands; (xviii) non-glandular swelling 
the neck (xix) the thyroid gland (xx) syphilis (xxi) shock, 
haemorrhage, gangrene, and embolism (xxii) radium therapy 
diseases the nose, pharynx, larynx, ear and eye. 


616.314-089.28 


Mechanical Dentistry: Practical Treatise the 
Construction the various kinds Artificial Dentures 


BASED THE EIGHTH EDITION CHARLES HUNTER’S WORK 
THE SAME TITLE, RE-EDITED Samson. LONDON 
TECHNICAL PRESS LTD., 1945. 208 PAGES; 117 ILLUSTRATIONS 
22x14cm. 15s. [£0°75] 


the foreword this book indicates, is, effect, 
re-editing the eighth edition Charles Hunter’s work the 
same title. pity that evidence this fact not 
found the dust cover, since clear from reading the 
text that the personal contribution made Mr. Samson 
small one. 

view Mr. Samson’s widespread comments many 
aspects dentistry one approached with especial interest the 
review this book. was therefore particular disappointment 
find little that one can commend. The only justification 
for its publication would seem consequence the 
possible historical value much its contents. 

important that foreign readers should not consider the 
book representing the present state mechanical dentistry 
Britain. the chapter dealing with impression-materials 
and far easier manipulate than comment 
made the shortcomings the alginate materials evidenced 
the adverse comments many commercial laboratories. 
The author says that casting the model should have what 
plaster thick using one the artificial This illustrates 
the type superficial comment present-day procedures. 
the chapter Gold for swaged plates one finds picture 
brick-built draught-furnace for gold, and, keeping with 
the truly Victorian sentiment characteristic most the 
book, one finds complete directions for alloying gold, using 
the starting point that rare, nay, virtually unknown, coin, the 
English golden sovereign. dealt with the matter very 
fully page and half, the editorial footnote laconically 
that the use the English sovereign for melting now 
illegal. 

chapter ceramics strangely reminiscent the literature 
this subject put forward the Amalgamated Dental 
Company. 

Considerations space prevent one dealing with all the 
limitations the text, but obvious that any text book 
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published 1945 that omits all reference acrylic resins and 
cast stainless steels can command little interest for those con- 
cerned with recent developments. 

Such minor errors the atomic weight silver, 10-8, the 
freezing point mercury, 37-9° F., not seem have troubled 
the proof-reader. Chapter 17, under the heading, Properties 
metals, specific gravity, contains the solemn statement, 
Fixed lois expand 1/12, that is, measures become 13” 

the reviewer’s opinion, the book is, from the standpoint 
present-day knowledge, lamentable failure. 


MEDICAL REFERENCE BOOK 
614 (058) 
Health and Social Welfare, 1945-1946 


Hon. Lord Horder, ONDON, TODD PUL 
LISHING COMPANY LTD., 1945. 519 PAGES, 22x14cem. [£1-05] 

The second annual issue this yearbook more than fulfils 
the promise its predecessor. All sections have been enlarged 
and the present volume more than twice the size the first. 
520 pages contain extraordinary amount up-to-date 
information concerning all aspects health and social welfare 
throughout the world. 

Section contains articles recognized authorities 
wide range medical and medico-social topics. special 
interest the present time are those Sir John Boyd Orr 
Social Miss Dorothy Manchée’s article the 
hospital almoner admirably fills gap which drew attention 
our review the first issue this annual. Section 
survey health legislation and policy. Section one the 
most useful the book, contains official directories govern- 
mental and other official bodies concerned with health, both 
home and abroad. Section consists official statements 
setting out the scope and functions ministries and government 
departments, and such bodies the Charity Commission, 
the General Medical Council, and the General Register Office. 
Section gives similar information regarding large number 
bodies and institutions. Section deals with 
information which not obtained from any other printed 
source. Section consists article Careers professions 
associated with health and social Miss Isabella 
Williams. Section directory organizations interested 
health and social welfare comprehensive and gives full 
addresses and telephone numbers. Section consists 
and tables, and will save many from the sloughs the 
official returns. Section lists books, periodicals and films. 
Section 11, Who’s who health and social the 
weakest the book. Many those listed, although eminent 
enough their respective spheres, appear have special 
connection with health social welfare. excellent index has 
now been provided, but this feature might still further 
improved the principal references under some the longer 
entries were indicated heavy type. 

invaluable reference book such this needs extraneous 
adornment, but many its users will nevertheless grateful 
for the striking photograph the Minister Health and the 
lifelike caricatures Sallon which are provided. 


PHYSIOTHERAPY 
615.82 


Treatment Movement, Manipu- 
lation and Massage 


The first appearance this book 1917 marked great step 
forward towards the practice rationai physiotherapy. The 
ground was for critical examination the indications 
for and against the employment physical measures; the 
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physiological basis for treatment exercises and manual 
methods was set out, and the field massage and manipulative 
technique was comprehensively surveyed. This volume rapidly 
became the stand-by the enquiring physiotherapist and 
interested medical man. But succeeding editions have proved 
disappointing for the author has allowed the book fall 
increasingly behind the times. The results recent research 
the field physical medicine have not been reflected 
corresponding changes the text. the one hand, the value 
many the methods advocated has become universally 
recognized that they are incorporated the everyday practice 
rehabilitation. the other, methods based ideas 
longer held are still included the text, though, fact, large 
part rejected the medical profession (e.g. massage for 
fractures). The rigidity resulting from lack revision leads 
the curious situation whereby excellent material and abandoned 
concepts are presented throughout with equal emphasis. 

The first hundred pages are devoted consideration 
massage, relaxed passive movements and exercises. This part 
the book not important. The value exercises 
doubt and several established treatises deal with fully. Relaxed 
movements have been all but abandoned, and massage 
nowadays seldom ordered for the conditions under discussion 
Moreover, Dr. Mennell permits himself address the physio- 
therapist prose style mingling prolixity, exhortation and 
warnings manner both confusing her and out place 
scientific work. 

The author then passes forced movement. 
remains master his subject and the matter presented 
outstanding interest. The account the range movement 
various joints well-chosen skiagrams illuminate 
the points made. The most suitable grip for each manipulation 
described the text and illustrated clear photographs. 
This the most valuable part the book one would wish 
that had been expanded. 

Fifty pages are set aside backache and sciatica. system 
examination suggested, but the significance the various 
possible findings presented confusing way. This 
perhaps inevitable; for the author regards backache and 
sciatica commonly resulting from sacro-iliac-joint lesions and 
contracture the ilio-tibial band. The research carried out over 
the past ten years protrusion low lumbar intervertebral 
disc wholly ignored. Thus, coherent picture may 
expected emerge when tests are described for joint and fascial 
lesions with which the symptoms under discussion are now 
known unconnected. 

This pioneer book physiotherapy should read 
discriminating spirit all students the subject. There 
much that good and true other parts have not stood the 
test time. Nevertheless, text-book has yet appeared 
take its place hence one may permitted hope that will 
Dr. Mennell himself, future edition, who will revise, 
curtail and expand the contents that they once more provide 
guidance to-day’s problems the field physiotherapy. 


NEW EDITIONS 


193 The Medical Annual, 1945. (058) 


EDITED Sir Henry Tidy Rendle Short. BRISTOL, JOHN 
WRIGHT AND SONS LTD., 1945. 410 PAGES; PLATES, 


Several new subjects are included this latest issue the 
Medical Annual. review Vital Statistics contributed 
Dr. Percy Stocks. Primary Atypical Pneumonia receives recog- 
nition with chapter written Col. Middleton, the 
U.S. Army Medical Corps. Yellow Fever Control discussed 
special article Major-General Poole and Major 
Howie. Major-General Poole and Lieut.-Colonel 
Bensted also review fully the subject Scrub Typhus (tsutsu- 
gamushi disease). The serious proportions attained this 
disease during the jungle warfare the Far East gave oppor- 
tunities for its intensive study.' 


*[ See BMB 781 for a report of work on this disease.—Ep.] 
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special article the indications and contra-indicatior 
for penicillin treatment written J.S. Jeffrey, and 
larly useful now that supplies this substance are 
generally available. The war experiences many the 
tributors are reflected this volume, which continues 
concise review recent progress medical treatment, 
ticularly valuable for the general practitioner. 


194 Synopsis Obstetrics and Gynaecology 618 


Aleck Bourne. NINTH EDITION. BRISTOL, 


WRIGHT AND SONS, 500 PAGES 168 
Is. [£1-05] 


This useful handbook for students preparing for 
midwifery and gynaecology examinations. sets forth 
principal points obstetrics and gynaecology simple 
concise manner and intended used supplement to. 
rather than substitute for, the usual textbooks. This edition 
has been very thoroughly revised, and mastery its 
the student should enable him satisfy the demands the 
examiners. 


Materia Medica, Pharmacy, Pharmacology and 615 (02) 
Therapeutics 


Sir William Hale-White. 26th EDITION, REVISED 
Douthwaite. CHURCHILL LTD., 1944 

which embarrassing the reviewer, and difficult find 
anything add what has previously been written about 
The book has achieved editions years and well known 
all medical practitioners and senior students 
gives account the composition, dose, action and indica- 
tions for all therapeutically important drugs use the present 
time, and this new edition mention made the most 
recently introduced sulphonamides, new anticoagulants, hor- 
mones and penicillin. The section dealing with the sex hormones 
has been revised Dr. Bishop. Enlargement the 
index, feature the two previous editions, has been continued 
order supply more therapeutic references hope that 
the unhappy term tubercular vaccines will omitted the 
next edition. 


The Diagnosis Nervous Diseases 616.8 (02 


ARNOLD CO., PAGES; 358 ILLUSTRATIONS 
COLOURED PLATE. £2. 


Chapter headings physiological anatomy (iii) method 
(iv) (v) coma; (vi) convulsive 
(vii) involuntary movements; (viii) 
(ix) disorders articulation cranial nerves (xii) pain 
and other abnormal subjective sensations (xiii) abnormalities 
sensation: hyperaesthesia, paraesthesia, anaesthesia (xiv) 
organic motor paralysis upper neurone type organic 
motor paralysis lower neurone type: (xvi) recurrent and 
transient palsies (xvii) inco-ordination (xviii) postures and 
gaits (xix) tropho-neuroses (xx) reflexes (xxi) affections 
the vegetative nervous system; (xxii) the 
cerebro-spinal fluid; (xxv) disorders inira- 
cranial tumours. 

This new edition well-known book which first appeared 
forty years ago, revised the light the rapid advances made 
neurology during recent years. 

his preface the author, who consulting physician 
the Westminster Hospital, the West End Hospital for Nervous 
Diseases, and the Royal National Orthopaedic Hospital, relates 
how, returning from America primed with fresh references «nd 
new illustrations, was unfortunate enough lose 
action all this material and his manuscripts the new edition. 
had hoped that this edition some the older illustrations 
would have been replaced more modern pictures. 
theless, there are some new illustrations, and there will 
warm welcome for this new edition established favourite. 
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Venereal Diseases 
McLachlan. SECOND EDITION. EDINBURGH, 


LIVINGSTONE LTD., 1945. 371 PAGES; 159 ILLUS- 


616.957 


The call for second edition within eighteen months! confirms 
the success this textbook providing elementary instruction 
for the student and concise facts for the practitioner. The 
notable feature tabulating the differential diagnosis 
venereal and other conditions commonly mistaken for 
remains unaltered. The fuller consideration the inter- 
the routine serological tests for syphilis, the intensive 
arsenotherapy early syphilis now more widely applicable, 
and the use penicillin for both gonorrhoea and syphilis, has 
the value this second edition. 

Few will with the advice that patients with gonorrhoea 
should hospitalized for hours when receiving penicillin, 
out for various reasons, including the scarcity nurses and 
hospital staff, this Utopia seldom attainable practice the 
perforce are treated, adequately and with minimum 
inconvenience and financial loss, out-patients. The author 
believes total dosage 100,000 units penicillin five equal 
injections 20,000 units three-hourly intervals 
sufficient cure most cases acute gonorrhoea. com- 
with sulphadiazine sulphathiazole, this may so, but 
two reasons, many prefer the higher dosage 150,000 units 
five injections 30,000 units intervals 

+ [For review of first edition, see BMB 387/36.) 


There has recently been considerable amount 
discussion the British medical press the use 
the film medical education. Several different 
organizations, and number private individuals, 
have made medical films which have been regarded 
having considerable educational value. For this 
reason was decided that the time had come 
start this bulletin section which films 
medical biological interest could reviewed. 
The first these Film sections appeared No. 
Vol. The article Dr. Russell Reynolds, 
which opens the Film section this number, 
the first series which medical men 
biologists who. have had practical experience 
making films medical interest will discuss their 
aims and some.of their problems. Dr. Russell 
Reynolds very well known pioneer 
cineradiography, the subject this article. our 
next number shall publish article 
anaesthetist who played considerable part the 
production series films anaesthesia. 


811 


CINERADIOGRAPHY: ITS 
TECHNIQUE AND APPLICATIONS 


RUSSELL REYNOLDS, C.B.E., F.R.C.P., 
D.M.R.E., F.F.R. 


Consulting Physician Charge, Department Radiolog 
Charing Cross Hospital 


The first x-ray (as they were then called) 
human subjects appeared 1896, and the writer still possesses 
x-ray plate taken himself that year, with his own home- 
made apparatus. interesting, therefore, note that 
early 1897—only two years after had made his 
discovery November 1895, Glasgow doctor, John Macintyre, 
attempted produce x-ray cinematograph film, and became 
the first worker the field cineradiography. 

must remembered that cinematography was only its 
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relapses are fewer and the cure-rate higher, and out- 
patient, only one working day required. This obviates 
hospitalization and patients’ embarrassment having explain 
unexpected absence from home for night. Indeed, assure 
security, recent experience suggests that still higher dosage 
200,000 units advisable most cases. The difficult question 
the criteria cure gonorrhoea, especially this new era 
sulphonamide and penicillin therapy, hardly elaborated 
enough for subject such crucial importance both patient 
and practitioner. 

The chapters the clinical aspects syphilis all its stages, 
including late generalized syphilis, lesions bones, joints, 
muscles, viscera, cardiovascular and neuro-syphilis, are fully 
described and illustrated suitably chosen and well-reproduced 
photographs. Senior students should find them exceptionally 
useful. positive Ehrlich test the urine said contra- 
indicate the administration neoarsphenamine while this 
true most cases, the qualification might added that the 
urine pregnant woman and those who have imbibed alcohol 
during the previous hours will also give this reaction, which 
these patients without dangerous significance. 

The next edition this admirable volume might include the 
recent observation that podophyllin, paraffin, success- 
fully removes genital papillomata without causing the burning 
irritation which liable accompany the recommended 
application trichloracetic acid. 

material changes have been made the this 
handbook, which will continue succeed its purpose 
providing concise epitome the modern principles and 
practice venereology the pitfalls diagnosis are detailed 
and the treatment recommended practical and effective. 


infancy, being developed, know it, 1896. necessity 
Macintyre’s choice method was limited the means his 
disposal. took serial radiographs frog’s leg, moving 
its position slightly between each exposure. The completed 
series plates was then re-photographed ordinary 
cinematograph film for projection. The method employed 
was clearly experimental value only, and was quite 
inapplicable examination the living human subject. Apart 
from the time required, the level tolerance rays was 
reached and passed, long before sufficient number radio- 
graphs could taken. further effort was made for many 
years produce x-ray cinematograph record. 

But gradually apparatus became more powerful, and x-ray 
tubes more reliable, and the fluorescent screens used convert 
the invisible rays into visible light were improved give greater 
luminosity. Sensitivity the photographic film emulsion was 
increased, and lenses wider aperture were designed. then 
became theoretically possible make cineradiograph films 
two additional methods. 

The first, Direct Method, utilizes the power which rays 
share with light affecting sensitized photographic emulsion. 
Rays emitted the tube pass through the subject under 
examination, and then strike the sensitized film which momen- 
tarily clamped between two fluorescent intensifying screens. 
The screens reinforce the direct action the rays the visible 
light which they emit when struck the rays. This is, course 
method now employed normal radiography. 

The second, Indirect Method, employs rather different 
principle. this case, the rays passing through the patient, 
strike fluorescent screen, and the shadows cast this screen 
are photographed the ordinary way with cinematograph 
camera. 

Many problems had solved before either method 
gave satisfactory results. the examination the living 
subject, the risk over-exposure rays, with consequent 
burning injury, must constantly borne mind. rays 
cannot focused, and this limits the scope the Direct Method. 
If, for example, attempt made take cineradiograph 
film chest this method, then each separate frame the 
series must least large area the projected dimensions 
the chest under examination (approximately 

not possible obtain true cinematographic effect 
projection speed fewer than frames per second, and indeed, 
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higher speed than this desirable. The operator would, 
therefore, faced with the problem running film area 
180 square inches (about 1160 cm.*) into position between two 
fluorescent screens times every second, and holding there, 
absolutely still, while the exposure made. This allows, the 
most, time only second for the necessary movement. 
Assuming that total exposure time seconds needed for 
the completion the movement the part under examination, 
follows that strip film 120 feet [36-6 long inches 
[38 cm.] wide would required. The difficulties designing 
apparatus capable handling such film are very great, and the 
cost examination prohibitive. Moreover, the problem 
development still remains, followed later reduction standard 
size mm. for projection. 

Some workers have used the Direct Method and have had 
when speed movement was not essential, e.g., filming 
the contractions the gall-bladder. This method precludes 
examination large areas, but allows records obtained 
some the organs, and rather circumscribed views most 
the joints. however, method for operation only research 
institutions and and cannot with advantage 
used private hospital practice. Even with exposure 
reduced inches, film costs are high, and the problems 
keeping the film free from vibration during exposure, and 
processing, present many serious practical difficulties. 


FIG. EXAMPLES X-RAY 
PHOTOGRAPHY 


Specimen prints taken from mm. films 
normal hand-movements and the chest case 
pericarditis with effusion and adhesions. 


another kind face the operator who chooses the 
Indirect Method. The intensity light emitted the fluorescent 
screen weak. can increased the intensity the beam 
rays which subjected also increased, but this, 
necessity means added exposure-risk the subject under 
examination. addition, make the greatest possible use 
all the light available, lens very large aperture required, 
together with photographic film great sensitivity. the 
same time the film must protected from the direct beam 
rays which escapes beyond the fluorescent screen (about 
only absorbed the screen). sufficient light can 
obtained, the method simple operation. The film readily 
obtainable and, being standard size, easy process and 
does not have reduced for ultimate projection. 

The writer began his cineradiographic experiments 1921, 
using the Indirect Method. From the outset, was clear that 
the fluorescent screen would emit satisfactory quantity light 
only the x-ray beam directed were high intensity. 
Under such conditions, the risk the subject over-exposure 
radiation was considerable and the strain the tube was 
great. switch was therefore incorporated the apparatus 
which synchronized the excitation the tube with the opening 
the camera-shutter. this way, the exposure the patient 
was reduced half, and the strain the tube was reduced 
corresponding extent. 

1925, using the most brilliant screen available, together 
with the most sensitive photographic film and wide-aperture 
lens (1-5) film was obtained hand and wrist, speed 
1/8 second for each image. Reproductions child’s 
thorax were obtained 1/3 second, and these were 
shown the International Congress Radiology Chicago 
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1927. films the thorax were, course, useless for 
cinematograph projection, but they were the best which could 
Experiments were resumed 1933. that date was possible 
obtain more brilliant screen and new photographic films 
lens wider aperture was also available (0°85). Results were 
most encouraging, and 1934, adequate records had been 
produced the movements all joints except the hips and the 
lower spine, speeds frames per second (1/24 
second exposure), and the heart and stomach slightly 
slower rate. 
Since this time, there have been very marked improvements 
the results. has been found possible reduce the intensity 
the x-ray beam considerably, and still obtain records joint 
movements speeds frames per second (1/100 
second exposure). Films the heart taken frames per 
second (1/50 second exposure) produced slow-motion 
effect when projected slow speed. There has been corres- 
ponding improvement the rate which films the stomach 
may taken (12 frames per second 1/24 second exposure). 
exposures have been reduced, the risk the subject under 
examination has been steadily diminished until, the present 
time, the subject receives less than would ordinary 
prolonged x-ray examination. Nevertheless, the method 
which the recent films have been taken essentially the same 
that employed the experiments photography the 


FIG.2. CINERADIOGRAPHIC APPARATUS 


Camera unit adjustable pedestal. 


fluorescent-screen image with ordinary cine-camera, and 
synchronization the opening the camera shutter with the 
excitation the tube. 

seconds) ample for showing any cycle movement. After 
development, the mm. film negative printed and the parts 
are joined into continuous band. Films this size are easily 
handled comparatively short lengths, that all processing can 
carried out quite simply. This band, containing 
cycles the movements, can threaded through the projector 
and allowed run continuously while the action studied. 

During the course his research, the writer has taken nearly 
1,000 cineradiographic films—at least 70% them human 
subjects, and time has there been any evidence over- 
irradiation. maximum, the patient does not receive 
than about units for any single examination. the present 
time, the method quite simple, reliable and safe. 

From the foregoing will clear that cineradiography not 
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only opens vast field research, but will give invaluable 
aid medical diagnosis. not yet possible set limit 
uses and applications, and although great deal experi- 
mental work has been carried out, much more required before 


CINERADIOGRAPHIC APPARATUS 


Side view complete unit. 


all its potentialities are assessed. Its value the examination 
the normal movements joints obvious, just the detection 
possible causes restricted movement, and later comparison 
the degree movement before and after treatment. 

probable that, the future, cineradiographic record 
the heart-beat will included the complete medical examina- 
tion that organ routine procedure, but before this technique 
can fully utilized the diagnosis abnormal conditions, 
further study normal cineradiographic appearances 
necessary. 

Just necessary possess adequate knowledge the 
normal appearance organ under examination still 
radiograph, before proceeding the diagnosis the abnormal, 
will necessary equally familiar with the appearance 
normal and abnormal movement cineradiograph film. 
The response organs the action drugs, offers another 
interesting field study cineradiography. may advisable 
make films the heart, recording simultaneously the electro- 
cardiograph tracing the base the film. This has already been 
successfully carried out the writer, both with the cathode-ray 
oscilloscope and the Cambridge 
instruments. Needless say, sound-recording can always 
incorporated. 

Further examples the uses which cineradiography can 
put the medical sciences could multiplied almost indefinitely. 
Nothing has far been mentioned its application medical 
education. Students assimilate knowledge far more easily 
they can study the actual movements leisure, and permanent 
records are always available. 

experimental physiology, cineradiography has already 
proved its worth, and experimental science generally, its value 
has yet assessed. 

February 1936, the generosity Lord Nuffield, 
apparatus, illustrated this paper, was 
installed the Nuffield Institute Medical Research, Oxford. 
The department was opened the late Sir Farquhar Buzzard, 
Bart., regius professor medicine Oxford, and the author 
gave demonstration its use. Subsequently, some experi- 
mental work with the apparatus was undertaken Dr. 
Barclay published paper conjunction with Sir 
Joseph Barcroft, F.R.S., Dr. Barron and Dr. Franklin 
radiographic demonstration the circulation through the 


heart the adult and the foetus and the identification the 
ductus 
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Apart from general examination patients for diagnostic 
purposes and the recording normal movements healthy 
patients, several important pieces research work have been 
carried out with the cineradiographic apparatus. 
Hunterian Lecture the Royal College Surgeons January 
1937, the author demonstrated the results his research the 
movements the oesophagus, stomach and duodenum during 
the passage opaque meal. Valuable information was 
obtained the exact mechanism during peristalsis and the 
passage the meal. 

1939 also this method investigation was used demon- 
strate the action the Bragg-Paul pulsator. The films obtained 
were shown meeting the Physiological Society Great 
Britain Cineradiographic films illustrating normal respiration 
and artificial respiration with the Bragg-Paul 
The normal respiratory movements healthy male and female 
were shown, and the movements were observed when the depth 
respiration was increased the use the Bragg-Paul pulsator. 
The movements the latter case are similar those observed 
deep breathing the subject, increased diaphragmatic move- 
ment being evident well increase the costal excursion. 
the films unassisted quiet breathing, the usual pause the 
end respiration can seen and measured. This not evident 
the artificial respiration films when, however, pause occurs 
between inspiration and expiration. 

conclusion, may stated that only the cineradiographic 
method examination can one adequately study the functions 
organs and joints, and obtain complete records movements. 
far, movements have been observed only screen examina- 
tion, i.e. the fluorescent-screen image this necessarily has 
very rapidly carried out owing the danger over-exposure 
rays. The radiologist has content with viewing the 
screen for few seconds only and memorizes what has seen. 
can course take x-ray film any given instant but this 
only records conditions the particular moments exposure. 
With cineradiographic film, however, possible obtain 
permanent record movement which can afterwards studied 
leisure. available all future times for comparison with 
other cine films that may made. necessary only expose 
short length film, showing one more cycles movement. 
The extremities this film can joined make band, which 
constitutes complete record the case. This record can 


FIG. CINERADIOGRAPHIC APPARATUS 


Camera unit showing camera, synchronon motor gear box 
and interrupter. 


1 British Journal of Radiology, 1939, 12, 505. [This work has since been consider- 
ably extended and has been summarized in a book by A. E. Barclay, K. J. Franklin 
and Prichard The foetal circulation and cardiovascular system, and 
the changes that they undergo at birth, 1944 (see BMB, 719/126 for review).—Eb.] 
2 Journal of Physiology, 1939, 95, 63P 
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kept with the patient’s notes and can examined with the patient 
any future consultations that may necessary, wherever the 
patient may be. 


The cost production small, not exceeding that incurred 
having complete x-ray examination the usual way. 


should like acknowledge here the valuable help have 
received the latter part this work from sons Dr. Seymour 
Reynolds and Major Reynolds, R.A.M.C. 


The four films reviewed here were recently shown 
biologists and medical men. Dr. Sanders, 
the Sir William Dunn School Pathology 
Oxford, has provided the following notes these 
unique films. Dr. Sanders has himself had 
experience the making films the field 
experimental pathology. 


812 
FOUR REMARKABLE FRENCH 
MICROBIOLOGICAL FILMS 


These four films were produced Drs. Comandon and 
Fonbrune the laboratory cinemicrography the Pasteur 
Institute Paris. This laboratory situated the annexe 
Garches, well away from the vibrations caused the 
traffic the city. Here has been developed the technique 
microdissection very high degree, and such fine manipulations 
the rupture individual erythrocytes, the transplantation 
the nucleus from one amoeba another, are performed with 
apparent ease. perform these delicate operations special 
instruments were devised and also the apparatus needed make 
and manipulate these instruments. These are demonstrated 
the first film. 


NOUVEAUX APPAREILS POUR LES MICRO- 
MANIPULATIONS 


The extremely fine micropipettes, needles, scalpels, hooks and 
other tools used for these operations are made under direct 
observation with apparatus called the micro- 
orge 

Most the instruments are made pyrex glass, though soft 
glass sometimes used for special purposes. 

fine glass tube rod first sealed into the end wider 
one, which clamped into the instrument-holder the micro- 
forge. The fine end brought into the field view hori- 
zontal microscope with inclined eyepiece. 

Heat supplied V-shaped platinum-iridium filament, 
which can electrically heated any desired degree. Cooling, 
needed, supplied jets cold air from electric blower. 
Both the instrument under construction and the filament can 
moved all necessary directions suitable control knobs. 
The film shows detail how several different types instru- 
ments are made. 

For microdissection with these extremely fine instruments 
special type micro-manipulator has been devised. consists 
two parts connected only rubber tubes. The receptor 
consists heavy metal base which frame carrying three 
metal tambours, similar those found aneroid barometers. 
The diaphragms these tambours are set right-angles one 
another. complex lever connected the centres the 
three diaphragms and bears its free end clamp for holding 
the micro-needle other instrument. alteration the air- 
pressure within any tambour moves its diaphragm out, and 
consequently displaces the corresponding direction the lever 
and the instrument held it. 

The tambours the receptor are connected three rubber 
tubes the manipulator. the base the manipulator are 
hinged two glass-and-metal syringes with 
pistons. They are right-angles one another and are con- 
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nected the tubes from the tambours controlling the two hori- 
zontal movements the lever the receptor. The pistons 
these syringes are connected ring encircling vertical lever. 
which can rocked about universal joint its lower end. 
Movements the knob top this lever are therefore com 
municated pneumatically the micro-needle, whose poin: 
faithfully copies them much smaller scale. 

Vertical movements are accomplished rotating the 
top this controlling lever. This moves the piston 
third syringe, incorporated the body the lever and con 
nected the third rubber tube the tambour responsible fo: 
vertical movements the lever bearing the needle. 


EXPERIENCES SUR LES ERYTHROCYTES 
GRENOUILLE PARASITE PAR UNE HEMOGRE- 
GARINE (LANKESTERELLA) 


The oval, nucleated erythrocytes frog are shown this 
film. Some are parasitized species Lankesterella. The 
movements the parasite within the red cell can seen, and 
also the astonishing ease with which the parasite leaves one cell 
and enters another. The cell-wall appears present barrier 
all the parasite, nor does haemoglobin escape from the cell 
the point entry exit the parasite. 

The red cells are also shown when being pierced with glass 
micro-needle. Although the needle appears more pointed 
than the front end the parasite, there obviously some 
culty piercing the cell-wall with the needle. After puncture 
there usually very little escape haemoglobin from the cell, 
protein rapidly forms impermeable patch over 
the hole. 

Occasionally, however, the patch gives way and the cellular 
contents, including the nucleus, escape. 


ABLATIONS GREFFES MOYAUX CHEZ 
UNE AMIBE 


For studying the slow movements amoeba, time-lapse 
cinemicrography has been particularly useful and has revealed 
things which would not have been apparent direct observations. 
The gross movements well the intracellular protoplasmic 
movements healthy amoeba are quite characteristic when 
photographed this way. 

The technique removal the nucleus microdissection 
then demonstrated. After this operation the cell shrinks and 
stops moving about, though movement protoplasm within 
the cell still continues. Fresh food not ingested, but any food- 
particles already engulfed are slowly digested. The cell without 
its nucleus may, however, still alive after hours. 

Into such cell possible graft another nucleus from 
healthy cell. few minutes after such operation the powers 
locomotion and ingestion food are restored, and the 
protoplasmic movements return normal. Such grafted cells 
have been observed undergo normal mitotic division soon after 
operation. 


ETUDE D’UN CHAMPIGNON PREDATEUR 
NEMATODES 


curious fungus, Dactylaria brocopaga, found garden 
soil. When grown pure culture the absence certain 
microscopic nematode worm which the 
mycelium very similar many other fungi. When, however, 
the nematode present, the fungus produces little rings, some 
25u diameter, attached the hyphae. ring consists 
three cells. 

one the nematodes tries pass through the ring these 
three cells suddenly expand inwards and grasp the worm 
firmly. 

Projections from the inner aspects the cells enter the 
the worm and through them the fungus first kills and later 
digests the worm. The whole process takes from 12-24 hours. 

Other similar fungi catch and hold their prey 
networks mycelium which are sticky from which sticky 
buttons protrude. 

Microscopic nematodes and other creatures becom.ng 
entangled the sticky network are killed and digested the 
fungus. 
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The stickiness some these fungi can demonstrated 
touching them with glass needle held micromanipulator. 


* 


These four films are the greatest interest specialists 
the subjects with which they deal, but are scarcely less interesting 


Movement the Tongue Speech 


made Realist Film Unit, 1945, slow-motion with photography 
Research Laboratory owned I.C mm. sound, 
444 mm. sound, 1112 ft. [330 reels 
Technicolor and black and white minutes. 


This review Sir Richard Paget, the distinguished authority 
human speech, reproduced from Documentary News Letter 
93) permission the editors. 

Movements the human tongue and lips during speech 
seen male patient with part his right cheek removed 
sirgical operation. Technicolor shots normal speed are 
associated with black and white shots the same action, speeded 
times. 

somewhat gruesome film, but great technical interest. 
The first instance (it believed) which the actual movements 
the tongue have been made visible. Only the more forward 
movement can seen, the portion the patient’s cheek 
which has been removed only extends little over one inch 
from the corner his mouth. But many points interest 
students phonetics and articulation are disclosed. Thus the 
curvature the tongue forming the English T,” 
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biology schools and universities. 


Technically they are all the highest quality. Those who 
have experience cinemicrography can best realize what 
enormous amount time and really hard work must have been 


needed for their production. Sanders. 


and the withdrawal the tongue whole form the backward 
closures (K, and ng) [English] can actually seen, though 
the final closure and release are hidden. 

The longitudinal growing the tongue articulating 
made visible, also the upward and down- 
ward movement the tongue articulating the word high.” 
Slow-motion pictures some the words articulated are also 
shown. each case the voice the commentator heard 
giving the words which the patient then repeats after him. 

For instructional purposes would advantage the film 
could supplemented short preliminary statement, together 
with cartoon film showing complete vertical section 
mouth and throat (as seen from the right) that the relation 
between the movements actually shown the film and the 
various accompanying movements (not visible) might made 
clear. 

The importance good articulation needs stressed 
all teaching English speech. This film notable achieve- 
ment, and should the forerunner series cartoon films 
derived from x-ray and other observations, showing the move- 
ments articulation and the gestural relationship between the 
short words English (and indeed all languages) and the 
fundamental meanings which they convey. 
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SCIENTIFIC INSTRUMENTS 


MEDICAL TOUR THE 
30th EXHIBITION SCIENTIFIC 
INSTRUMENTS APPARATUS 


Many new types apparatus weil several instruments 
already mentioned previous number (Vol. No. this 
bulletin were shown publicly for the first time the Thirtieth 
Exhibition Scientific Instruments and Apparatus, organized 
the Physical Society London early January, 1946. 
Electrocardiograms using cathode-ray tubes were shown 
Cossor and the Clifton Instrument Company the Marconi 
four-channel electroencephalogram was working, Multitone had 
fine heavy-duty audiometer, and the Evans-Mendelssohn pyron- 
meter was demonstrated. 

There were x-ray generators designed for crystallography and 
industrial research, but not for medical use. However, there 
was fine selection measuring equipment medical interest. 
Messrs. Baldwin displayed production model the Farmer 
electrometer (Proc. phys. Soc., 1942, 54, 435), now designed 
operate from electric mains self-contained batteries, con- 
junction with his (Farmer’s) midget ionization chambers (Brit. 
Radiol., 1945, 18, 148). This instrument will great value 
both for routine clinical control and for research radiotherapy 
departments. this stand, too, was production model 
the radium-detector commonly known the clucking 
Marconi showed prototype the Farmer dosemeter designed 
for deep x-ray therapy (Brit. Radiol., 1944, 17, looks 
like small version the Mekapion, but works 
different principle this instrument will marketed soon. 

Clifton Instrument Company showed the 


instrument! designed give visible indication cathode-ray 
tube the systolic and diastolic blood-pressure patient 
during anaesthesia. Multitone showed compact model 
Caplan’s electroconvulsant apparatus, and fine group hearing- 
aid installation designed for schools for deaf 
equipment one which these pioneers have every reason 
proud, for perfect reproduction any desired intensity 
obtained special differential cut-out adjusted each pupil’s 
requirements. addition, they showed smali deaf-aid the 
amplifier type, which will low price that they have styled 

the other half the exhibition, devoted demonstrations 
research techniques and equipment, the National Physical 
Laboratory (NPL) showed the apparatus they have evolved for 
testing the leak the piston hypodermic syringe and its 
barrel this apparatus has been used the determination 
British Standard for hypodermic syringes. another floor 
the NPL showed the apparatus which they have designed for 
standardizing Haldane they are now 
working standard for the Sahli method. 

The medical exhibits were only very small portion the 
whole. The largest crowd centred round the Metrovick electron 
microscope, and the hail demonstrating radar equipment was 
unapproachable for the crush. Yet, strangely enough, wartime 
equipment was not much evidence, and some splendid new 
equipment designed specifically for peacetime needs was 
show. Chas. Baker and Cooke Troughton 
showed research microscopes new design, while Pullin (Optics) 
displayed splendid heavy-duty projector with air-blast cooling 
designed for projecting film-strip and substandard colour slides 
this should find wide demand equipping new lecture theatres. 

This annual exhibition, popular enough pre-war years, was 
phenomenally successful after years’ absence. The entire 
issue 4,000 catalogues was sold out hours after the exhibition 
opened, and the third (and last) day queue over 2,000 yards 
long was waiting for admission. Three days not enough for 
exhibition this importance, and hope will possible 


1 [This instrument will be fully described in our next number.—Eb.] 


all biologists. They could also shown with profit students 
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Annals the Rheumatic Diseases 
September 1945 


The nature of fibrositis. 1. The myalgic lesion and its secondary effects : a reflex 
theory. (M. Kelly) 1-7 

A study of rheumatism in a group of soldiers with reference to the incidence of 
trigger points and fibrositic nodules. (L. G. C. E. Pugh & T. A. Christie) 8-10 

ae: ot, ee on the treatment of rheumatic fever with vitamin P. (J. F. Rinehart) 

1-1 
A benign type of rheumatic fever. (W. L. Ackerman) 14-16 
Rheumatism in Sweden. (W.S. C. Copeman) 17-19 


Annals Tropical Medicine and Parasitology 
May 1945 


The adsorption-fluorescence estimation of mepacrine and stilbamidine. (A. J. 
Henry & D. N. Grindley) 1-7 

Notes on the gametocyte threshold for infection of Anopheles gambiae Giles, 
1902, and Anopheles melas Theobald, 1903, in West Africa. (J. D. Robertson) 
8-10 

Hypertrophied salivary glands in Glossina : evidence that G. pallidipes with this 
abnormality is peculiarly suited to trypanosome infection. (E. Burtt) 11-13 

The action of some aromatic diamidines on cultures of Leishmania donovani. 
(S. Adler, 1. Tchernomoretz & M. Ber) 14-19 

Mosquito-control by swamp drainage in the coastal belt of Nigeria. (A. B. Gilroy 
& L. J. Chwatt) 19-40 

On the probable identity of a cestode of the genus Diphyllobothrium occurring in 
Wales and Eire. (H. A. Baylis) 41-45 

An outbreak of dermatitis amongst troops in North Wales caused by rodent 
mites. (M. A. Hill & R. M. Gordon) 46-52 

Factors affecting the excretion of mepacrine in the urine. (Army Malaria 
Research Unit) 51-60 


October 1945 


The rdle of Anopheles pharoensis Theobald in the transmission of malaria in 
Kenya Colony. (P. C. C. Garnham) 63-65 

Ocular lesions in trypanosomiasis. (H. Ridley) 66-82 

Studies of the biological properties of Spirochaeta recurrentis in the Ethiopian 
high plateau. (B. Wolman & M. Wolman) 82-93 

A modification of the Ide test for syphilis and yaws. (E. C. Smith, B. G. T 
Elmes & J. A. Smith) 94-97 

Generalized recurrence in leishmaniasis (oriental sore): report of a case with 
110 lesions. (A. Dostrovsky & F. Sagher) 98-100 

The effect of urine on Entamoeba histolytica. (J. M. Watson) 101-116 

Investigations in the chemotherapy of malaria in West Africa. IV: Report on 
a case of acute mepacrine poisoning. (J. L. Markson & J. Dawson) 117-118 

Some observations on a filaria, Foleyella leiperi (Railliet, 1916), of the North 
American leopard-frog. (S. G. Cowper) 119-124 

The morphology of the pharyngeal armature in Anopheles gambiae and Anopheles 
gambiae var. melas from Southern Nigeria. (L. J. Chwatt) 124-128 

Prolonged oral administration of mepacrine. I: The effects on tests of organ 
function. (Army Malaria Research Unit) 128-132 

Prolonged oral administration of mepacrine. II : Haematological effect. (Army 
Malaria Research Unit) 133-136 


Biochemical Journal 
1945 


The chemical composition of wheat and rye and of flours derived therefrom. 
oe eaceammaaae E. M. Widdowson, T. Moran, W. J. S. Pringle & T. F. Macrae) 

Hypervitaminosis A. (T. Moore & Y. L. Wang) 222-228 

Influence of halides on the oxidation of ascorbic acid. 2. Action of Cl” on the 
cupric-cuprous system. (L. W. Mapson) 228-236 

Oxalate content of some leafy green vegetables and its relation to oxaluria and 
calcium utilization. (A. A. Hoover & M. C. Karunairatnam) 237-238 

Spectral absorption and fluorescence of coproporphyrin isomers I and IIIf and 
of their methyl esters. (E. M. Jope & J. R. P. O’Brien) 

A sodium carbonate-bicarbonate buffer for alkaline phosphatases. (G. E. Delory 
& E. J. King) 245 

Thee egpeetenans acids of pig back fat. (F. B. Shorland & P. B. D. de la Mare) 

The non-identity of Thudichum’s ‘ glycoleucine’ and norleucine. (R. Consden, 
A. H. Gordon, A. J. P. Martin, O. Rosenheim & R. L. M. Synge) 251-257 

A colorimetric method for the determination of cinchona alkaloids. (P. B. 
Marshall & E. W. Rogers) 258-260 

The thermal destruction of vitamin B;. 2. The influence of buffer salts on the 
rate of destruction of co-carboxylase at 100°C. (K. T. H. Farrer) 261-263 

The vitamin D content of some New Zealand fish oils. (E. R. Weeber) 264-267 

The gross chemical changes in the liver in dietetic necrosis. (H. P. Himsworth & 
L. E. Glynn) 267-271 

Observations on the nature of vitamin P and the vitamin P potency of certain 
foodstuffs. (H. Scarborough) 271-278 

Biochemical characterization of the actions of chemotherapeutic agents. 

Time-relationships between metabolic and growth inhibitions by pantoyl- 

taurine. (H. Mcllwain) 279-284 


1945 


The antibacterial ectivity of simple derivatives of 2-aminophenol. (M. Barber & 
G. A. D. Haslewood) 285-287 

A metabolite of 2-acetamidofluorene. (F. Bielschowsky) 287-289 

Purification and properties of cytochrome c. (D. Keilin & E. F. Hartree) 289-292 

Properties of catalase. Catalysis of coupled oxidation of alcohols. (D. Keilin & 
E. F. Hartree) 293-301 


The urinary partition of sulphur in rats treated with aromatic hydrocarbons, 
with special reference to growth retardation. (L. A. Elson, F. Goulden & 
F. L. Warren) 301-308 

The antibacterial action of 4 : 6-dimethoxytoluquinone and its fate in the animal 
body. (G. E. Glock, R. H. Thorp, J. Ungar & R. Wien) 308-313 

The production of penicillin using fractions obtained from aqueous extracts of 
<  e sativum). (R. P. Cook, W. J. Tulloch, M. B. Brown & J. Brodie) 

The glucose metabolism in vitro of Trypanosoma rhodesiense. (J. D. Fulton & 
T. S. Stevens) 317-320 

On the distribution of glyoxalase and glutathione. (F. G. Hopkins & E. J. 
Morgan) 320-324 

The biological assay of vitamin Ds. The effect of the calcium and phosphorus 
content of the diet. (J. I. M. Jones) 324-328 

Biochemical characterization of actions of chemotherapeutic agents. 5. Lack ot 
gross displacement of pantothenate and p-aminobenzoate from micro- 
organisms, by pantoyltaurine and sulphanilamide. (H. Mcllwain) 329-334 

Isolation from liver of new factors essential for the growth of Lactobacillus 
helveticus and Streptococcus lactis R. (E. C. Barton-Wright, W. B. Emery & 
F. A. Robinson) 334-338 

Anaemia of nutritional origin in the rat. (C. W. Carter, R. G. Macfarlane, 
J. R. P. O’Brien & A. H. T. Robb-Smith) 339-347 

The inhibition of amine oxidase by amidines. (H. Blaschko & R. Duthie» 347-350 

The kinetics of low temperature acid hydrolysis of gramicidin and of some related 
dipeptides. (R.L. M. Synge) 351-355 

ee component of gramicidin hydrolysates. (R. L. M. Synge) 

‘ Gramicidin S’ : over-all chemical characteristics and amino-acid composition. 
(R. L. M. Synge) 363-367 

a *-yeast and some of its properties. (E. J. Conway & J. Breen) 

Seasonal variation of carotene and vitamin A in butter-fat and in serum. (J. W. 
Lord) 372-374 

A modification of current micro-methods for the estimation of diodone 
(3 : 5-di-iodopyridone-N-acetic acid). (J. A. Barclay & R. A. Kenney) 375-377 


Brain 
1945 


Transient disturbances following gunshot wounds of the head. (W. R. Russell) 
79-97 

A stady of pupillary inequalities in man. (E. A. Turner) 98-117 

The adipose tissue of peripheral nerves. (S. Sunderland) 118-122 

—— suppression of cortical frequencies. (D. Williams & J. Reynell) 
123-161 

Spinal tracts subserving micturition in a case of Erb’s spinal paralysis 
(J. McMichael) 162 -164 


British Dental Journal 
16/11/45 


A line of disturbed dentinal structure. (M. A. Rushton) 271-274 

Oral hygiene for partial denture wearers. (A. E. Rowlett) 274-275 

Epithelial cyst of the pulp. (E. B. Manley) 275-278 

a and the school child: A survey of 680 children. (R. Sclare 
278-28 


7/12/45 
The dental curriculum : the framework of a plan. (J. Campbell) 306-315 


Observations on the treatment of over 100 cases of acute ulcerative gingivitis with 
penicillin pastilles. (H. F. Atkinson) 317-318 


21/12/45 
The use of cheek wires in the treatment of fractures of the maxilla. (N. W. A. 
Holland) 333-340 
A surgical classification of the malerupted mandibular third molar. (R. H. Coates 
& G. C. Dickson) 340-342 


British Dental Journal 
4/1/46 
Acceleration of the setting of zinc oxide cements. (W. Harvey & N. J. Petch) 1-5 
Advances in the construction and use of splints in the treatment of fractures of 
the jaws. (B. W. Fickling) 8-13 
The spring bridge. (A. R. Thompson) 13-16 


18/1/46 


Acceleration of the setting of zinc oxide cements. (W. Harvey & N. J. Petch) 
35-42 


Acrylic tooth-making technique for denture purpos:s. (R. Cutler) 42-51 
Surgical extension of the buccal sulcus of the mandible. (G. M. B. Zachar\) 
Developmental cysts of the maxilla. (A. D. Hitchin) 53-54 4 
be ty - to condition of West Indian recruits. (O. F. Brown & R. S. McMinn) 


1/2/46 
Treatment of 1,000 jaw fractures. (P. Clarkson, T. H. H. Wilson & R. S. Lawrie) 
69-75 
The London dentist of the seventeenth century. (L. Lindsay) 75-80 
The Japanese invasion of Malaya and the Dental School, Singapore. (E. kh. 
Tratman) 80-83 
Auto analgesia for conservative dental treatment. (F. R. Jackson) 83-84 
Dental disease in relation to skin disease. (C. G. Boothroyd) 87-88 
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BRITISH 


British Heart Journal 
October 1945 


Mercurial diuretics : intolerance as shown by skin sensitivity. (A. Burrows & 
W. Stokes) 161 167 

The effects of emetine on the heart. (J. D. Cottrell & G. W. Hayward) 168-170 

The carotid shudder. (W. Evans & D. Lewes) 171-172 

\ —_—' electrocardiographic method. (H. E. S. Pearson & L. M. Gerlis) 
173-179 

4 case of myxoma of the heart. (W. Burnett & J. lL. Davidson) 180-182 

Paroxysmal tachycardia and 2:1 heart block. (M. Campbell) 183-199 

immersion as a factor in the development of hypertension. (O. Garai) 200-206 


British Journal Dermatology and Syphilis 


1945 
vityriasis rubra pilaris and;vitamin A. (A, D. Porter & E. W. Godding) 197-200 


British Journal Experimental Pathology 
August 1945 
ysis of red blocd cells by tissue slices. (G. Briickmann & E, Wertheimer) 
217-224 
he arginine, ornithine and carbon dioxide requirements of streptococci (Lance- 
field group D) and their relation to arginine dihydrolase activity. (E. F. Gale} 
225-233 


the effect of sulphanilamide on the arginine and carbon dioxide requirements 
of streptococci (Lancefield group D). (E. F. Gale) 234-247 
! he examination of rabbit anti-A immune sera produced by means of an artificial 
A-antigen. (W. T. J. Morgan & W. M. Watkins) 247-254 

A new test for the detection of weak and “ incomplete ” Rh agglutinins. (R. R. A. 
Coombs, A. E. Mourant & R. R. Race) 255-266 

Comparative potency of the mammary tumour agent of mice of different genetic 
constitution. (L. Dmochowski) 267-269 
xperimental nodular goitre. (F. Bielschowsky) 270-275 


October 1945 


Further studies on the purification and properties of a virus causing tobacco 
necrosis. (F.C. Bawden & N. W. Pirie} 277-285 

t ne examination of a virus causing tobacco necrosis. (A. G. Ogston) 

aes immune rabbit serum. (W. T. J. Morgan & R. L. M. Synge) 

287-29 

lhe separation and properties of tobacco mosaic virus in different states of 
aggregation. (F.C. Bawden & N. W. Pirie) 294-312 

The ultracentrifugal examination of fractions of tobacco mosaic virus. (J. P. 
Johnston & A. G. Ogston) 313-315 

The selection of bacterial food by soil amoebae, and the toxic effects of bacterial 
pigments and other products on soil protozoa. (B. N. Singh) 316—325 

Pathological states due to deficiency of the sulphur-containing amino-acids. 
(L. E. Glynn, H. P. Himsworth & A. Neuberger) 326-337 

——" investigations on proactinomycin. (H.W. Florey, M. A. Jennings & 

G. Sanders) 337-349 

The ‘effect of proactinomycin on Staphylococcus aureus in heart broth. (E. P. 
Abraham) 349-356 

The influence of genetic factors on the transmissibility of fowl sarcomas. (A. W. 
Greenwood & P. R. Peacock) 357-361 


> 


British Journal Industrial Medicine 
October 1945 


Vesication and some vesicants. (M. W. Goldblatt) 183-201 

Control of hazards in the luminous dial painting industry. (J. C. Jones & M. J. 
Day) 202-208 

Methy! iodide poisoning. (A. Garland & F. E. Camps) 209-211 

The solubility or distribution coefficient of carbon tetrachloride in water, whole 
blood, and plasma. (J. F. Powell) 212-216 

* ineidence of sepsis in industrial wounds. (R. E. O. Williams & E. H. Capel) 

Ideal seeing conditions : the study of the human visual system as a basis for 
prescribing light. (J. H. Nelson) 224-232 


British Journal Ophthalmology 
December 1945 


Ocular manifestations of malnutrition in released prisoners of war from Thailand. 
(H. Ridley) 613-618 

Ocular gnathostomiasis. (K. Sen & N. Ghose) 618-626 

A case of occipital lobe injury. (J. Macaskill) 626-628 

Indirect injury of the optic chiasma : a case report. (E. B. C. Hughes) 629-632 

Retinal haemorrhages in aplastic anaemia. (R. J. Buxton) 632-635 

Haemorrhage from the conjunctiva: notes on a case of capillary angioma 
(J. Pendleton White) 635-637 

A corneal graft cperation for recurrent pterygium. (J. L. Reis) 637-640 

Coppock cataract and cataracta pulverulenta centralis. (E. Rosen) 641-644 

Diabetic needles. (E. Rosen) 645-653 , 


British Journal Ophthalmology 
January 1946 


A clinical trial of a synthetic mydriatic (dimethylaminoethyl benzilate etho- 
chloride). (W. Riddell) 1-7 

A new synthetic mydriatic. (I. Mann) 8-11 

Ocular findings in — typhus (tsutsugamushi or Japanese river fever). 
(E. A. Donegan) 11-19 

Types, paper and printing in relation to eyestrain. (R. B. Fishenden) 20-26 

Ophthalmic treatment in the field, 1943. (G. C. Dansey-Browning) 26—35 

Cavernous haemangioma of the orbit successfully removed by Shugrue’s opera- 
tion. (M. Paul) 35-41 

An analysis and follow-up of 301 cases of battle casualty injury to the eyes. 
(G.1. Scott & I. C. Michaelson) 42-55 


MEDICAL 


BULLETIN 


February 1946 
Ocular cystericercus cellulosae: report of a case of parasitein vitreous 
(C,. Cockburn) 65-74 
—— displacement of the iris in chronic glaucoma. ( 
Temporary cataracts in diabetes. (R. D. Lawrence) 78-81 
Solar eclipse—burn of macula. (E. C. Zorab) 82-84 
A case of eclipse blindness. (N. A. Jevons) 84-85 
A case of siderosis bulbi. (J. E. L. Bendor-Samuel) 85-88 
The effect of operative alterations in the height of the external rectus insertion. 
(J. Foster & E. C. Pemberton) 88-92 
Meningioma of the tuberculum sellae with bi-temporal hemianopia. (W. R. 
Mathewson) 92-102 


Dacryo-cysto-rhinostomy. (T. K. Lyle, A. G. Cross, J. F. Simpson & G. A 
Fraser) 102-119 


Riddell) 


British Journal Radiology 
December 1945 


Silvanus Thompson Memorial Lecture: Fifty years of x-ray production and 
measurement in medical radiology. (E. A. Owen) 369-376 

Pneumoconiosis in radiator and boiler finishers. (L. Dunner, R. Hermon & 
D. J. T. Bagnall) 377-381 

The design of filters to produce “ flat”? x-ray isodose curves at a given depth, 
(A. E. Chester & W. J. Meredith) 382-385 

The standardization of radiological apparatus : symposium. (F. Ellis, J. W. 
McLaren & J. Read) 385-389 

Investigation of free gas in the peritoneal cavity. (J. E. Bannen) 390-395 

Radiological appearances of the chest following partial asphyxiation by a smoke 
screen. (P. H. Whitaker) 396-397 

A new method of Primary screening by x-ray examination. (A. Scheel) 398-399 


Note on a function in the mathematical theory of integral dose. (G. J. Neary) 
401-402 


British Journal Radiology 
January 1946 


The anatomy of the blood vessels of the human lung as applied to chest radiology. 
Parts J-IIT. (T. Lodge) 1-13 

Energy absorption in radium therapy. (F. Bush) 14-21 

Recent advances in investigation of the small intestine. (W. Tennent) 22-26 

A feed-back amplifier for ionization currents. (F. T. Farmer) 27-30 

External and internal thorium-X therapy. (K. F. Nagelschmidt) 31-35 

A review of recent French literature on radiotherapy. (H. Cl. Simchowitz) 36-40 

The effect of X rays on Leishmania tropica in vitro. (B. Feldman-Muhsam & 
L. Halberstaedter) 41-43 


February 1946 


Responsibility for accidents in radiological departments. (W. M. Levitt) 45-51 
Effective atomic number and energy absorption in tissues (F. W. Spiers) 52-63 
Anaerobic cellulitis—due to perforation of the colon: case report with an 
illustration of the radiographic appearances. (F. H. Kem Pp) 64-65 
Duplication of radiography by solarisation. (G. H. ithanwenthe 66-69 
Se of foreign bodies in the chest : a practical report. (C. J. Hodson) 
The anatomy of the blood vessels of the human lung as applied to chest radiology. 
Parts IV-V. (T. Lodge) 77-87 
Ovarian dermoid cysts. (E. R. Williams) 88 


British Journal Surgery 
October 1945 


Pharyngeal diverticula. (J. Morley) 101-106 

Acrylic resin for the closure of skull defects : preliminary report. (J. M. Small & 
M. P. Graham) 106-113 

The surgical treatment of traumatic aneurysms. (M. Paul) 113-122 

Some observations on carcinoma of the prostate treated with oestrogens — as 
demonstrated by serial biopsies. (J. D. Fergusson & W. Pagel) 122-130 

A histological study of a predegenerated nerve autograft. (R. Barnes, P. Bacsich 

M. Wyburn) 130-135 

Obstructive diaphragmatic hernia resulting from old gunshot wound of the chest. 
(W. A. Mackey & D. L. C. Bingham) 135-139 

Pelvic ectopic kidney. (G. Forbes) 139-142 

Torsion of the great omentum : report of four cases. (W. Etherington-Wilson 
142-146 

Physiological gastrectomy : the operation of ligature of the arteries of the stomach 
to relieve hyperacidity and to prevent recurrent ulceration after gastro- 
enterostomy. (T. H. Somervell) 146-152 

Thoraco-abdominal wounds in war. (G. Blackburn & A. L. d’Abreu) 152-154 

Principles in early reconstructive surgery of severe thermal burns of the hands. 
(B. Smith, C. Cornell & C. L. Neill) 155-159 

An aid in the post-operative management of temporary ileal fistula after the Lahey 
right hemicolectomy. (S. Levy) 160-162 

Experiences with transthoracic oesophagectomy and gastrectomy. (G. H. Steele 
162-166 

Penicillin treatment of acute haematogenous osteomyelitis. (I. W. J. McAdam) 
167-172 

The status of hormonal bioassay in malignant disease of the testicle: a review 
of the literature. (R. S. Francis) 173-178 


Chronic hypertrophic ileocaecal tuberculosis and its relation to regional ileitis 


(Crohn’s disease). (A. W. Taylor) 178-182 


British Journal Tuberculosis and Diseases the Chest 
October 1945 


The prognosis of chronic miliary tuberculosis in children. (R. B. Illing) 79-85 

Syphilis of the lung in Bantus. (B. A. Dormer, J. Friedlander & F. J. Wiles) 
85-91 

The aetiology of silicosis. (L. W. Hale) 91-101 


BRITISH 


British Medical Journal 
24/11/45 


A survey of fungous diseases in Great Britain : results from the first eighteen 
months. (J. T. Duncan) 715-718 

bee of acute appendicitis : a study of 480 consecutive cases. (A. Lyall) 

19-721 

Heavy nupercaine spinal analgesia in operative obstetrics with report on 394 
cases. (L. Resnick) 722-723 

Bladder-neck obstruction due to non-malignant disease of the prostate. (H. H. 
Stewart) 724-727 

Paradoxical embolism with report of a case due to a ventricular septum defect 
(C. A. Birch) 727-728 

Actinomycosis successfully treated with penicillin : report of two cases. (A. J.C. 
Hamilton & H. J. R. Kirkpatrick) 728 


1/12/45 


The Renaissance and its influence on English medicine, surgery, and public 
health. (A. S. MacNalty) 755-759 

Prevention of homologous serum jaundice. (J. F. Loutit & K. Maunsell) 759-760 

Ear disease in children. (D. R. Paterson) 761-764 

Poisoning due to mobilization of lead from the skeleton by leukaemic hyperplasia 
of bome marrow. (A. Brown & S. L. Tompsett) 764-765 

A ap = ones undermining ulceration treated with penicillin. (A. Leacock) 

65-766 
Tropical medicine in war and peace. (C. M. Wenyon) 774-776 


8/12/45 
The in-vitro sensitivity of H. influenzae to penicillin : with special reference to 
meningeal strains of Pittman’s Type b. (M. Gordon & K. Zinnemann) 795-796 
Meningitis due to a penicillin- and sulphonamide-sensitive Pittman b strain of 
Hi. influenzae: recovery. (D. G. Mcintosh & C. F. Drysdale) 796-797 
Repatriation : a psychiatric study of 100 naval ex-prisoners of war. (W. P. 
Mallinson & W. Warren) 798-801 
Sixth-nerve paralysis after spinal analgesia. (W. A. Fairclough) 801-803 
Typhoid fever complicated by benign tertian malaria. (A. S. Bookless & J. M. 
Naftalin) 804 805 
Impressions of surgery in West Africa. (J. K. Willson-Pepper) 812-814 


15/12/45 

Proposed National Health Service : principles and statements. 833-834 

Survey of fracture treatment. (C. M. Page) 835-839 

Nutrition in Vienna in September, 1945. (M. Pyke) 839-842 

Toxic effects of 2,2-bis (p-chlorphenyl) 1,1,1-trichlorethane (D.D.T.) in man. 
(R. A. M. Case) 842-845 

A fatal case of D.D.T. poisoning in a child : with an account of two accidental 
deaths in dogs. (K. R. Hill & G. Robinson) 845-847 

Observations on keratoconjunctivitis (cases seen in military hospitals). (R. J. 
Buxton) 847-848 


22/12/45 

B.L.A. Medicine. (E,. Bulmer) 873-876 

Estimation of serum proteins by the Linderstrém-Lang gradient. (H. Hoch & 
J. Marrack) 876-878 

Liver function in infective hepatitis gauged by hippuric acid synthesis tests. 
(M. R. Pollock) 878-880 

Management of recent fracture-dislocations of the cervical spine. (A. N. 
Guthkelch) 880-881 

The therapeutic efficiency of ultra-violet-light apparatus : a comparison of tests. 
(B. C. Elliott) 881-883 

Anti-M iso-agglutinins in human serum. (M. N. McFarlane) 883-884 


29/12/45 


Medicine and the State : with special refzrence to the emergency medical service 
(W. Elliot) 911-914 

The relation between congenital obliteration of the bile ducts and icterus gravis 
neonatorum. (M. O. Skeiton & G. H. Tovey) 914-916 

The Rh factor and blood transfusion : observations on a group of Rh-negative 
individuals transfused with Rh-positive blood. (W. C. Moloney) 916-918 

Asymptomatic kala-azar in soldiers from over-seas. (T. G. Armstrong) 918 

Four cases of Russell’s viper bite. (P. H. Wyon) 919-920 

Blindness following haematemesis. (J. Black) 920-921 


British Medical Journal 
5/1/46 


The surgery of arterial disease and injury. (J. P. Ross) 1-4 

Observations on cases of starvation at Belsen. (P. L. Mollison) 4-8 

D.B.E. : a new synthetic oestrogen. (R. Greene) 9-10 

D.B.E. in treatment of menopausal symptoms. (S. Way) 10-11 

Concentrating malaria parasites in thin films. (K. B. Rogers) 11-12 

Ocular signs in the prisoner of war returned from the Far East. (G. C. Dansey- 
Browning & W. M. Rich) 20-21 


12/1/46 
The contribution of anatomy of the war. (W. E. Le Gros Clark) 39-43 
Synthetic substitutes for quinidine. (G. S. Dawes) 43-45 
Poisoning by Amanita phalloides. (J. Dubash & D. Teare) 45-47 
The solubility of sulphonamides in relation to hydrogen-ion concentration. 
(H. A. Krebs & J. C. Speakman) 47-50 
Penicillin cream of low concentration. (G. H. du Boulay) 50-51 
Effect on troops of the ‘‘ V " weapon bombardment of Antwerp. (A. G. Freeman) 


19/1/46 


Sprue in India : a clinical survey of 600 cases. (K. D. Keele & J. P. Bound) 77-81 
Outbreak of Weil's disease in the British Army in Italy. Part I: Clinical study. 


MEDICAL 


BULLETIN 


(J. H. Hutchison, J. S. Pippard & M. H. Gleeson-White) 81-83. Part Il. 
Post-mortem and histological findings. (H. L. Sheehan) 83 
Primary tuberculosis in childhood. (W. F. Gaisford) 84-86 
Intelligence and infant mortality in problem families. (S. W. Savage) 86-87 
Spontaneous haemothorax. (A. M. Crawford & J. Shafar) 88-89 
Fatal aortic-oesophageai fistula from a swallowed piece of bone. (G. W. A. Dick 
& G. E. Nevill) 90 
26/1/46 


Social medicine. (M. Greenwood) 117-119 

Irregular seen after transfusion. (S. T. Callender & Z. V. Paykog) 
119-12 

Clinical diagnosis of lumbar intervertebral disk protrusions, with indications 
for their operative removal. (J. E. A. O'Connell) 122-124 

Surgical treatment of dysenteric lesions of the bowel among Allied prisoners o 
war in Burma and Thailand. (E. E. Dunlop) 124-127 

Streptococcal miliary infiltration of the lungs with description of a case. 
(P. Ellman) 127-128 

Hereditary clubbing of digits in two families. (E. Davis) 128-129 

Medical experiences in Siam. (S. S. Pavillard) 135-137 

2/2/46 

Psychological reactions in soldiers to the loss of vision of one eye, and their 
treatment. (P. M. Duke-Elder & E. Wittkower) 155-158 

Occurrence of a flagellate in the sputum of a case of bronchiectasis. (G. D. 
Lehmann & J. T. Prendiville) 158-160 

Abacterial pyuria. (D. O. Peters) 160-161 

Two cases of amoebic granuloma. (G. Howells) 161-162 

Crush syndrome and plasma jaundice in pregnancy. (R. W. Danziger) 162-163 

Bacteriology of septic fingers. (B. P. le Quesne) 163-165 

Premedical zoology : a different view-point. (D. W. Ewer) 171-172 


9/2/46 

Effect of a daily vitamin supplement on the health and development of children 
(E. R. Bransby, J. L. Burn, H. EF. Magee & D. M. MacKecknie) 193-197 

Effect of blast on the human ear. (F. B. Korkis) 198-201 ; 

The hippuric acid test in pregnancy (W. Laqueur & H. Ovacik) 201-202 

Sulphapyridine anuria in Gurkhas. (C. W. Healey) 202-203 

Acute pancreatitis. (N. G. Godfrey) 203-204 

A fatality from thyroidectomy following a leucopenia caused by thiouracil. 
(C. E. P. Markby) 204-205 i 

Occupational eye diseases. (J. Minton) 211-212 

16/2/46 

Primary atypical pneumonia. (A. Adams, Staveley, 
W. E. Henley & J. E. Caughey) 227-231 Bi 

Fractured patella: an analysis of 54 cases treated by excision. (R. Brooke) 
231-233 

Vitamin C content of home-cooked vegetables. (G. N. Jenkins) 233-235 : 

Neurological complications following prefrontal leucotomy. (F. Reitman) 
235-236 

Primary benign tertian malaria among British troops in Normandy (W. W. 
Macnaught) 236-237 

A general surgeon at sea : a review of 700 cases treated in the Downs. (J. S. Hall) 
244-247 


Dental Record 
December 1945 


Plastic facial restorations. (G. Bankoff) 265-276 
Some cases from practice. (O. N. Catchpole) 276-278 


Dental Record 
January 1946 


Some applications of stainless steel in orthodontics. (B. R. Townend) 1-14 
Alternate anchylosis in the teeth of South African snakes. (F.G. Cawston) 15-16 


February 1946 


Cervico-facial orthopaedia. (A. A. Nove) 25-35 
Chewing as a therapeutic measure. (T. B. Layton) 36-42 


Edinburgh Medical Journal 
November 1945 
The numbers and the sites of origin of the droplets expelled during expiratory 
activities. (J. P. Duguid) 385-401 he : 
War wounds and injuries involving the paranasal air sinuses. (R. B. Lumsden) 
402-411 
The standardization of liver extracts for intramuscular injection. (H. W. 
Fullerton) 412-419 
Blood culture : methods and results. (C. W. Shearer) 420-425 
Despatch of material for histological examination. (S. Hay) 426-429 


December 1945 


The treatment of duodenal ulcer. (W. Q. Wood) 433-450 = 

A clinical review of cancer of the breast and antecedent chronic conditions 
(R. F. Young) 451-459 : 

Post-operative pulmonary complications. (C. K. Robertson) 460-468 

The use of penicillin in acute infections of the hand. (J. F. Curr) 469-476 


Giasgow Medical Journal 

144 November 1945 

Haematemesis : a critical survey. (D. Smith) 129-147 
144 December 1945 


Tuberculous disease of the kidney. (A. Jacobs) 161-172 
Tuberculosis of the male genital tract. (W. M. Borthwick) 173-188 
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BRITISH 


Guy’s Hospital Reports 
1945 


Studies in clinical endocrinology. V. The management of the undescended 
testicle. (P. M. F. Bishop) 12-74 


Valentine Mott: a great American surgeon and his association with Guy’s 
Hospital. (R. C. Brock) 75-79 


Adeno-lipoma and lipoma of the breast. (J. E. Spalding) 80-84 


Journal Anatomy 
October 1945 


‘ome observations on the subendothelial cushions of the umbilical arteries. 
(I. W. Monie) 137-144 

Some features of the spinal nervous system of the foetal whale (Megaptera nodosa). 
(G. J. Romanes) 145-156 

\ second study of the behaviour and fate of skin homografts in rabbits. (P. B. 
Medawar) 157-176 

——— of atretic ova in the rodent ovary. (P. Bacsich & G. M. Wyburn) 

—179 


Soutons terminaux in the cerebral cortex. (A. Meyer & M. Meyer) 180-185 


Journal Laryngology and Otology 
January 1945 


Vesophageal foreign bodies and their complications. (R. L. Flett) 1-15 

\ series of 50 cases of acute and sub-acute mastoiditis treated by closure of 
wound and perfusion with penicillin. (R.G. Macbeth) 16-23 

‘Malignant melanoma of nasal fossa : report of a case. (J. S. Monro) 24-27 


7 = of pentothal for tonsillectomy in adults. (H. F. Griffiths & J. A. James) 
28-30 


February 1945 


Otogenic brain abscess (C. A. Hutchinson) 43-55 

Unusual intracranial complications of otitic origin: report of 3 cases. (E. G. 
Collins) 56-67 

Low-voltage galvanization in sinusitis. (E. Kupfer) 68-80 

Unilateral polypous hypertrophy of tonsil. (B. Reeves) 81-84 

A case of lateral sinus thrombosis due to Bacillus proteus, with recovery. (J. 
F. Birrell) 85-89 


March 1945 


Otolaryngology in the Army: a review of 44 years in the Middle East. (R. B. 
Lumsden) 91-109 
The effect of sinusitis on flying personnel. (G. H. Bateman) 110-120 
ey of the thoracic portion of the oesophagus. (J. A. Seymour-Jones) 


4 on. s recurrent toxic hebetude from chronic mastoiditis. (W. S. Adams) 


April 1945 


The genesis of typical and atypical cysts of the nasal floor. (K. Bernfeld) 145-159 
Bilateral perforate nasopalatine communication in the human adult. (W. C. O. 
Hill & H. M. Darlow) 160-165 


The conservative treatment of chronic suppurative otitis media. (R.S. Stevenson 


Results of treatment of carcinoma of the larynx by x-ray at operation. (T. A. 
Watson & V. Lambert) 174-177 


May 1945 
Some , of oto-rhino-laryngology in Germany to-day. (W. I. Daggett) 
191-1 
Fenestration of the labyrinth (1. S. Hall) 200-215 
Case of left temporal lobe abscess, extradural abscess and lateral sinus thrombosis, 


following exacerbation of chronic suppurative otitis media. Drainage, 
recovery. (L. Boss) 216-217 


Journal Mental Science 
October 1945 


Neuropathological problems arising from prefrontal leucotomy. (A. Meyer & 
E. Beck) 411-425 

Psychopathic persovzality and crime. (W. N. East) 426-446 

Delirious disorientation: the law of the unfamiliar mistaken for the familiar. 
(M. Levin) 447-453 

Neuroses in firemen. (E. Guttmann & A. A. Baker) 454-457 

Explosive rage following head injury. (R. S. Hooper, J. M. McGregor & P. W. 
Nathan) 458-471 

The impulsive psychopath : a clinical and electro-physiological study. (R. S. 
Hodge) 472-476 

The psychoneurotic spectrum and dual diagnosis. (D. N. Parfitt) 477-480 

The Kielder experiment. (R. R. Prewer) 481-494 

A case of obsessional state of unusual content. (D. Ross & D. Rice) 495-498 
a in evacuated children. (F. Bodman, E. Stephen & L. K. Sambrook) 

—— in Parkinsonism treated by prefrontal leucotomy. (E. Schwarz) 

Two years’ experience of female schizophrenics trzated by insulin coma therapy. 
(J. McConnell) 506-510 

Length of treatment in child guidance clinics. (L. Hutton) 511-517 

A syndrome associated with left hand paralysis of central origin. (R. Klein & 
P. P. Mallie) 518 -522 


The Starcross reading board: a dynamic aid to reading. (H. J. Ehrenwald) 


MEDICAL 


BULLETIN 


Journal Obstetrics and Gynaecology the British Empire 


Tipataiee of the theca-cells to disturbances of the menstrual cycle. (A. Culiner) 

Blood-pressure of relatives of patients with toxaemia of late pregnancy (a 
preliminary note). J. Barnes & F. J. Browne) 559-569 

The prevention of premature labour. (W. Shute & E. Shute) 570-574 

er ey corporis uteri in 2 sisters aged 34 and 32 years. (A. W. Purdie) 

me oe the rectus abdominis muscle during pregnancy. (R. C. Thomas) 

Myasthenia gravis and pregnancy. (A. Wilson & S. J, Barr) 584-588 

Notes on the treatment of vesicovaginal fistula. (W.R. Mackenzie) 589-591 

Lawson Tait. (L. Gamgee) 592-598 


Journal Pathology and Bacteriology 
October 1945 


Two cases of mixed malignant tumour of the breast. (A. D. T. Govan) 397-404 

Malignant tubular adenoma in a horse-shoe kidney : its significance with regard 
to general cancer pathology. (P. Ladewig & S. Eser) 405-411 

A microscopical study of the evolution of mouse mammary cancer : the effect 
Ew ta factor and a comparison with the human disease. (G. M. Bonser) 

The use of the splenectomised rabbit for the assay of liver extracts ; with observa- 
tions on the chemical nature of the anti-pernicious anaemia factor. (W. Jacobson 
& S. M. Williams) 423-433 

Arrhenoblastoma : report of a case with unusual features. (B. Jolles & H. H. 
Gleave) 435-440 

bay? wpe of experimental pneumonia in mice. (L. Hoyle & J. W. Orr) 

Features in the Congo red molecule associated with the inactivation of comple- 
ment. (J. Gordon & N. Walker) 451-456 

= agar depth in the plate method for the assay of penicillin. (W. Hayes) 


An experimental approach to the problem of trauma and tumours. (B. D. 
Pullinger) 467-476 

A measure of the stimulating effect of simple injury combined with carcinogenic 
chemicals on tumour formation in mice. .(B. D. Pullinger) 477-481 

Cor biatrium triloculare with transposition of the arterial trunks : a rare con- 
genital cardiac malformation. (J Brodie) 481-485 

The virus-neutralising power of serum from recently vaccinated persons. (J. F. 
Loutit & D. McClean) 485-488 

The effect of olivine on the lungs of rats. (E. J. King, N. Rogets, M. Gilchrist, 
V. M. Goldschmidt & G. Nagelschmidt) 488-491 

A comparison of the effects of laevo-rotatory and dextro-rotatory quartz on the 
lungs of rats. ‘©. J. King, N. Rogers, M. Gilchrist & G. Nagelschmidt) 491-493 


Journal the Royal Army Medical Corps 
October 1945 


Fly prevention : some suggestions and observations from a general hospital in 
Normandy, 1944. (J. B. Fotheringham) 151-160 

Experiences as an officer in medical charge of British prisoners of war in Italy 
and Germany. (J. K. Drucquer) 161-163 

Notes on a “ mule borne” A.D.S. (H. G. Skinner) 173-174 

Mule transport by forward surgical units. (T. Levitt) 175-177 

A mobile dressing post. (B. Levy) 178-179 

Surgery in advance of road-head. (T. G. Lowden) 180-183 

The N.C.O. as a psychiatric casualty. (M. Sim) 184-186 

An epidemic of scrub typhus. (H. S. Klein) 187-190 


“ Field nephritis ” in the German Army. (A. W.S. Thompson & J. H. Whittles) 
191-198 


November 1945 
New lamps for old? (R.A. Mansell) 224-227 
Major difficulties experienced in the establishment of 609 and 1,200 bed genera 
hospitals in Normandy. (P. R. Mitchell) 228-233 


The subcutaneous administration of penicillin. (J. E. Schneider-Green & J. M. 
Houston) 234-237 


The management of convalescent soldiers. (D. Levis) 238-248 
Culture methods in the diagnosis of amoebiasis. (R. B. Lucas) 249-251 


Journal the Royal Institute Public Health and Hygiene 
December 1945 


Industry and its environment—physical and social. (Lord Forrester) 306-310 
Rheumatism in children. (J. Aitken) 311-321 


Journal the Royal Institute Public Health and Hygiene 
January 1946 


Some obstructive conditions in the upper abdomen in infancy. (F. W. M. Pratt) 
11-20 


Journal the Royal Naval Medical Service 
October 1945 


Salt deficiency states in tropical climates. (J. C. Stenning) 195-211 

Biliary colic and chronic pancreatitis. (R. J. Willan) 211-215 es 
Pseudo-leukaemic eosinophilia complicated by gangrenous appendicitis, as a 
possible manifestation of infectious mononucleosis, with observations on the 
mutual antagonism between lymphocytes and granulocytes. (J. W. L. Crosfill) 
215-228 


BRITISH 


MEDICAL 


BULLETIN 


Traumatic lesions of the spinal cord. (M. A. Rugg-Guna) 228-237 

A summer tour in the Persian Gulf. (C. N. H. Joynt) 237-245 

Remarks on acclimatization. (M. Critchley) 245-248 

A psychiatric survey of naval personnel. (J. F. Burdon) 248-252 

Recent advances in malaria control. (EB. J. Mockler) 252- 254 

Apparent lack of response to quinine and mepacrine in cases of subtertian 
malaria. (A. G. G. Toomey) 254-257 

Traumatic aneurysm of the femoral artery. (R. D. N. Bisset) 257-258 

Prickly heat and tropical pemphigus. (A. M. Robertson) 258-260 


Journal Tropical Medicine and Hygiene 
December 1945-January 1946 
Elephantiasis and septic infection. (E. Muir) 145-148 ‘ 
On Sw ey al eosinophilia associated with pulmonary signs. (Loeffler’s syndrome) 
149-15 
Pi as observations on amoebic hepatitis : a clinical review of 200 patients. 
(S. De Silva) 152-157 
Public health conditions in wartime : northern Gold Coast. (G. Saunders) 157 
The effect of war on public health. (J. B. Cleland) 158-159 


Lancet 
24/11/45 
Rheumatic fever and heart disease : 
657-663 
Waking temperature in relation to female fecundity. (M. Barton & B. P. Wiesner) 
663-668 
Ovarian function and body temperature. (I. Halbrecht) 668-669 
Infections of the superficial palmar space. (P. M. Birks) 669-670 
Treatment of epididymitis. (S. M. Laird) 670-671 
Thermogenic effect of progesterone. (M. Barton & B. P. Wiesner) 671-672 


1/12/45 

Retropubic prostatectomy : a new extravesical technique: report on 20 cases 
(T. Millin) 693-696 

Ambulatory treatment of early — with penicillin : rationale, experimental 
basis, and preliminary results. M. Lourie, H. O. J. Collier, A. O. F. Ross, 
D. T. Robinson & R. B. Nelsoay 696- 701 

Effect of large doses of alkali on kidney function. (Army Malaria Research 
Unit) 701-704 

Effect of penicillin on Bacillus proteus. (G. T. Stewart) 705-707 

A aaaee radiculitis : course and prognosis. (G. J. Dixon & T. B. S. Dick) 
707-708 

Extensive interstitial calcinosis with osteoporosis and scleroderma-dermatomyo- 
sitis. (V. C. Medvei) 708-709 


the Harveian oration. (J. Parkinson) 


8/12/45 


Cultivation of Rickettsia tsutsugamushi in lungs of rodents: preparation of a 
scrub-typhus vaccine. (F. Fulton & L. Joyner) 729-734 

Scrub-typhus vaccine : large-scale production. (F. E. Buckland, A. Dudgeon, 
D. G. ff. Edward, A. Henderson-Begg, F. O. MacCallum, J. S. F. Niven, 
I. W. Rowlands & M. van den Ende) 734-737 

Poisoning by barium carbonate. (W. Morton) 738-739 

bee er in pregnancy : effect on foetal thyroid. (L. J. Davis & W. Forbes) 

0-742 

Direct laryngoscopy and tracheal intubation : a simple method. (B. Kenton) 742 

Prophylactic use of sulphonamides in rheumatic fever : sa review of some American 
trials. (P. E. Barclay & F. L. King-Lewis) 751-752 


15/12/45 

Hospital, industry, and the injured man : a surgeon’s thoughts on rehabilitation 
(G. R. Girdlestone) 765-766 

Resettlement of the disabled. (J. W. T. Patterson) 766-768 

Clinical value of muscle biopsies. (R. E. M. Bowden & E. Gutmann) 768-771 

Exposure of posterior horn of medial meniscus. (J. Charnley) 771 

Thrombocytopenic purpura with normal bleeding-time : recovery after splenec- 
tomy. (A. I. Suchecki & V. Glass) 772-773 

nae. relapse of malignant tertian malaria after thirteen years. (L. Nagley) 
773-774 

Orthopaedic treatment of ankylosing spondylitis. (R. K. W. Kuipers) 774-775 

Louse-borne relapsing fever treated with calcium gold keratinate. (M. Wolman, 
M. Omar & M. Abu-Taleb) 775-777 

Polyvinyl alcohol as a medium for local penicillin therapy. (P.W. Perryman) 778-779 

Assessment of industrial disability. (H. Levy) 787-789 


22/12/45 
Psychiatric lessons from active service. (G. W. B. James) 801-805 
Comparative effect of sulphonamide and penicillin in pneumonia. (T. Anderson & 
M. S. Ferguson) 805-808 
Mass radiography. (J. F. Brailsford) 808-812 
Inguinal hernia : the new muscular internal ring. (W. J. M. Brandon) 812-813 
Thoughts on sprue, after experience in India. (A. W. D. Leishman) 813-815 
Infusion into the internal saphenous vein at the ankle. (J. H. Kirkham) 815-817 
Aseptic necrosis at sites of continuous intramuscular penicillin infusions. 
(A. Nelson-Jones & G. E. O. Williams) 817 
Incidence of infections in war-time day nurseries : a preliminary study. (G. M. 
Allen-Williams) 825-826 
29/12/45 
Speech and handedness. (W. R. Brain) 837-842 
Symptoms of early pulmonary tuberculosis. (H. J. Trenchard) 842-843 
Penicillin treatment of serous-cavity infections. (1. W. J. McAdam, J. P. Duguid, 
S. W. Challinor & A. McCall) 843-848 
Varicose veins : precipitation method of treatment. (W. Thompson) 849 
ex the menisci : diagnosis by manipulation of the knee-joint. (D. Brown) 
Target-cell anaemia : two cases in Bucharan Jews. (C. Schieber) 851-852 
A surgical clinic in Belgium. (H. B. Young) 858 


5/1/46 


Prognosis and the patient. (L. Be 1-3 

A transmissible disease in rats inoculated with material from cases of infectiy 
hepatitis. (F.O. MacCallum & J. A. R. Miles) 3-5 

Delimitation of subcortical tumours by direct electrography. (W. G. Walter 4 
V. J. Dovey) 5-9 

Schistosomiasis : intensive treatment with antimony, (W. Alves & D. M. Blair) 


2 


Treatment of schistosomiasis. (W. G. Mills) 12-13 

ca. missile lodged in the face, with minor clinical disturbance. (T. Gibson 
13-14 

Determination of pathogenicity of tubercle bacilli by their intermediate meta- 
bolism. (J. Lehmann) 14-15 

Para-aminosalicylic acid in the treatment of tuberculosis. (J. Lehmann) 15-16 

Prevention of accident and limitation of injury. (St. J. D. Buxton) 27-29 


12/1/46 


Subacute necrosis of the liver without icterus. (J. S. Lawrence) 41-44 

Effect of some antibiotics on pathogenic fungi. (A. G. Sanders) 4446 

Mycophenolic acid: an antibiotic from Penicillium brevi-compactum Dierck». 
(CH. W. Florey, K. Gilliver, M. A. Jennings & A. G. Sanders) 46-49 

Surgery in malaria. (E. Parry) 49-51 

Hepatitis after penicillin injections. (L. Howells & J. D. O. Kerr) 51 

Foetal dysplasia of leg: a new operative approach. (H. Eckstein & F. M. | 
Eckstein) 52-53 

Penicillin in gonorrhoea. (S. M. Laird & A. B. Fieldsend) 53-54 

Socio-medical surveys. (J. A. Ryle) 64-66 


19/1/46 


Bread. (R. A. McCance) 77-81 

Synergic action of penicillin and sulphathiazole on Bacterium tvphosum. (J. W. 
Bigger) 81-83 

Hyperventilation asthma. (H. Herxheimer) 83 -87 

Local penicillin for throat infections. (R. G. S. Meadley & H. F. Barnard) 87-8» 

Human pulmonary tuberculosis due to avian tubercle bacilli : report of a case. 
(F. C. S. Bradbury) 89-91 

Control of Sonne dysentery with succinylsulphathiazole. (R. L. Vollum & 
J. A. H. Wylie) 91-92 

Dengue group of fevers in India. (P. V. Karamchandani) 92-93 

Gunshot wound of both orbits : report of a case. (D. L. Charters) 7. 

Croydon obstetric service : results in 18,600 booked deliveries. (R. C 


101-102 
26/1/46 

bay in the African and European theatres of war, 1939-1945. (J. S. K. Boyd) 
113-119 

Tuberculous rheumatism. (W. Sheldon) 119-121 

Difficulties in the diagnosis of rheumatic fever. (H. S. Barber) 122-123 

oa epithelisation on large denuded areas. (J. E. Sheehan & J. Jenney) 
123-12 

Erysipeloid. (S. Singer) 124-125 

Erysipeloid of Rosenbach : response to penicillin. (M. Barber, M. Nellan & 
M. Zoob) 125-127 

Non-greasy jelly base for penicillin. (J. Spencer, E. J. Bishop & A. Ricks) 127-128 

A German military hospital in 1944. (J. K. Willson-Pepper) 139-140 

Incidence of scabies : results of rapid surveys in school, factory, and hospital. 
(J. L. Burn) 141-142 


. Thomas) 


2/2/46 

The care of the aged: observations based on experience in Glasgow outdoor 
medical service. (M. Curran, J. Hamilton, J. S. Orr, W. Poole & E. N. 
Thomson) 149-152 

Dust in surgical theatres as a possible source of postoperative tetanus. (D. 1 
Robinson, J. W. McLeod & A. W. Downie) 152-154 

Determination of blood-groups : use of rabbit immune serum. (S. G. Rainsford 
& W. T. J. Morgan) 154-159 

Hippuric-acid synthesis test of liver function : some difficulties in interpretation. 
(S. Sherlock) 159-162 

Comparative value of tuberculin tests. (E. H. W. Deane) 162-163 

Social ecology of the Radstock coalfield. (F. H. Kemp & D.C. Wilson) 172-173 


9/2/46 

Chemotherapy of pneumococcal meningitis. (H. V. Smith, E. S. Duthie & H. 
Cairns) 185-193 

Tubercle bacilli in the pleural effusion <a adults. (H. G. Close) 193-195 

Criteria of eosinophilia. (G. Discombe) 195-196 

Nutritive values of wheat flours of different extraction-rate. (H. Chick, A. M 
Copping & E. B. Slack) 196-199 

Outbreak of polyneuritis due to orthotricresyl phosphate poisoning. (R. D. 
Hotston) 207 ‘ 


16/2/46 


Ancient apothecaries and modern biochemists. (E. C. Dodds) 221-224 

Treatment of macrocytic anaemia with folic acid. (T. D. Spies) 225-228 

Pneumococcal meningitis after head injury : treated with intrathecal penicilli 1. 
(R. P. Jepson & C. W. M. Whitty) 228-232 

Endemic fluorosis in Kweichow, China. (O. Lyth) 233-235 

a i genital tuberculosis as a main cause of tubal occlusion. (I. Halbrec! ‘) 

Let's go to the pictures.” 


The film in medical education. (R. C. F. Cattera'!) 
246-247 


Medical Officer 
17/11/45 


Public health and its debt to experimental medical research. (W. Savage) 161-64 
Cancer in England and Wales. (C. Rolleston) 164 
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BRITISH 


24/11/45 
lhe staffing of county hospitals. (H. M. C. Macaulay) 171-174 


the post-Schick test. (G. Bousfield) 181 
John [i.e. Peter] Ludwig Panum on measles. (G. A. Auden) 181-182 


8/12/45 


\n examination of the decline in non-pulmonary tuberculosis, and particularly 
abdominal tuberculosis, in the age group 15 years and upwards in London and 
rural districts of England and Wales and the south-eastern counties between 
1911 and 1938. (J. P. Bibby) 189-192 

lostels for the aged. (A. D. Symons) 192 


15/12/45 


le war story of a county hospital. (A. R. Jordon) 201-202 


22/12/45 
the tuberculin jelly patch test in infant welfare centres and in the school medical 
service : a preliminary report. (F. A. Heimann & H. R. Paterson) 209-211 


29/12/45 


ihe development of rural water supplies with special reference to the County of 
Lincoln—parts of Kesteven. (J. H. C. Clarke) 217-220 


5/1/46 
Amoebic infection. (F. G. Cawston) 5 
Day nurseries. (H. Paul) 5-6 
‘he protection of child life. (C. G. Cartwright) 6-8 


12/1/46 
“Milk analyses. (F.C. Bullock) 15 
‘he activities of an almoner’s department. (M. Benham) 15-16 


19/1/46 


he organisation of cancer prevention clinics. (M. W. S. Schram) 23-24 


26/1/46 


‘The practical application of D.D.T. in the control of common insect pests. 
(R. Webster) 31-35 


2/2/46 


factors bearing on infant mortality in an industrial town. (J. T. Lewis) 41-43 
Mental deficiency in the past—I. (G. A. Auden) 43-44 


9/2/46 


The history of an experiment in the treatment of gynaecological cases in an 
Emergency Medical Services hospital during the years 1942-43. (H. R. 
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